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INTRODUCTION 


It has frequently been observed by ecologists that 
animals can be separated into groups or biotic com- 
munities depending upon the various habitats which 
they occupy. In a biotic community, hundreds of 
species of animals may live together, some beneath the 
substrate, some on the surface of the ground, some in 
In this 
association of animals, each species occupies its own 


low bushes and others high in the vegetation. 


habitat niche as determined by certain environmental 


conditions and the physiological demands of the ani- 


mal. These environmental factors vary greatly for 
different groups and species. 

One method commonly used to determine what con- 
ditions of environment separate various animals is 
that of comparing the abundance of these animals 
within different habitat types (Stuart 1932—lizards, 
Fitch 1940—snakes, Leraas 1938—mammals, Van De- 
venter 1939—hirds, and Forbes 1907—fish). The in- 
fluence of certain limited features of the environment 
upon local distribution of animals has also been stud- 
ied by various authors; {~~ example, the relationship 
of soil types and small mammal distribution (Hardy 
1945), the relationship of water proximity and sala- 
mander distribution (Hairston 1949), and the density 
and arrangement of leaves and twigs in relation to 
breeding warblers (Kendeigh 1945). 

These relationships suggest that a species may se- 
leet certain features of the environment which will 
give it the requirements to survive and reproduce. 
Miller (1942) writes of habitat selection: “In making 
a selection, just what does the animal perceive? It 
seems impossible that there is a highly intelligent 
evaluation of the favorable factors at a given locale, 
but instead an automatic, instinctive reaction, even 
though quite delicately adjusted, to a few key aspects 
of the environment. What these key characters are 
1s of course difficult to prove; and they are not easily 
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tested through experimentation. Intensive observa- 
tion of the reaction of animals in the wild may none- 
theless narrow down the field of possible clues em- 
ployed by them in habitat perception.” 

Sometimes two svmpatrice species of the same genus, 
on first observation, appear to occupy the same habi- 
tat niche in the community. If they do, competition 
between them may eliminate the weaker one, unless 
similarity in habitat niche is not true, and differences 
exist which reduce competition and enable them to 
live in apparent close association with one another. 

To determine the habitat requirements for the 
three species of Michigan garter snakes which were 
found closely associated in the same area was the 
object of the following study. Realizing the diffieul- 
ties involved in a problem of this sort, the author 
planned to approach it through field 
rather than by experimentation. By intensive study 
of a population including all three species, recording 
over a period of three years all data that appeared 
pertinent, it was hoped that clues would be uncovered 
leading to a better understanding of the ecological 
The informa- 
tion which follows reveals some of these clues. 


observation 


association of the species concerned, 


The garter snakes of the genus Thamnophis are 
found throughout Central America, Mexico and all of 
the United States and southern Canada. The three 
forms in Michigan are the Common Garter Snake, 
Thamnophis sirtalis sirtalis, the Ribbon Snake, Tham- 
nophis sauritus sauritus, and Butler’s Garter Snake, 
Thamnophis butleri. As indicated in Stejneger & 
Barbour (1943), the Common Garter Snake ranges 
over most of North America east of the Mississippi 
River, the Ribbon Snake from Michigan to Maine and 
south to Mississippi and Georgia, and Butler’s Garter 
Snake is restricted to the region from extreme west- 
ern New York, southwestern Ontario and western 
Pennsylvania through Ohio, Indiana, and southern 
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Michigan to Wisconsin. In Michigan, the Common 
Garter Snake ranges over the entire state, the Ribbon 
Snake is restricted to the lower peninsula, and But- 
ler’s Garter Snake is found in only the southeastern 
third of the lower peninsula. 

Recently Klauber (1948) has proposed name 
changes for several North American snakes. The 
Common Garter Snake in this paper prefers to the 
pre-Klauber Thamnophis  s. Klauber’s 
Thamnophis ordinatus ordinatus, and the Ribbon 
snake is the pre-Klauber Thamnophis sauritus sauri- 
tus or Klauber’s Thamnophis sirtalis sirtalis. 

Tam grateful to Dr. Frederick H. Test, under whose 
direction the following study was carried out, for his 
help and counsel. For courtesies extended to me at 
the University of Michigan Biological Station, I wish 
to thank Dr. Alfred H. Stockard. To my wife, Mary, 
and to many friends, I wish to extend appreciation 
for their suggestions and criticisms. 


sirtalis or 


DESCRIPTION OF STUDY AREAS 


The principal study plot, the Cherry Hill area 
(Fig. 1), is located in the northwest quarter of see- 
tion 20, T2S, R7E, Superior Township, Washtenaw 
County, Michigan approximately one-half mile south 
of the village of Dixboro and four miles east of Ann 
Arbor. This 48-acre area is bordered on the north by 
Cherry Hill Road (gravel), on the west by a dirt road 
leading to gravel pits, on the south by an arbitrary 
line through a wood lot, and on the east by a similar 
line dividing a large pasture. 

A large marsh covers approximately 15 acres of the 
center of the area although the water level fluctuates 
in the summer. It is fed by surrounding hillsides and 
drains at its southwest corner by a narrow shallow 
slough. Buttonbush (Cephalanthus), willow (Salix), 
and wild rose bushes (Rosa) are abundant in the 
marsh. In certain areas there are some large living 
and many dead elms (Ulmus) and maples (Acer). 
Patches of cattail (Typha) are found along the north- 
ern side of the marsh. Numerous logs, branches and 
up-rooted trees are scattered within the marsh. Dur- 
ing the summer the grasses and sedges, as well as 
other aquatic vegetation, form a mat over much of 
the north side of the marsh. Along the north, west, 
and most of the south side the willow and rose bushes 
form a bordering hedge. 

The area to the south of the marsh on a north- 
facing hillside has an oak-hickory woods (Quercus, 
Carya) with trees reaching one foot in diameter, and 
has a considerable undergrowth of bushes with a 
thick layer of leaf litter on the ground. There are a 
few fallen trees and decaying logs. 

A low wooded oak-hickory knoll borders the marsh 
on the west side and beyond it to the west is an open 
hilly area covered by grasses, sumac (Rhus), and 
einquefoil (Potentilla). A small button bush marsh 
is at the far west side. Starting at the northwest 
corner a broad slope covered by grass, weeds, and 
sumac, curves eastward along the north side of the 
area leaving a low flat region between this hill and 
the marsh. Between this hill and the northern bound- 
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ary lie alternating areas of open grass and sumac, 
which also extend east along the hill to the pasture. 
Seattered hawthorn bushes (Crataegus), some aspen 
(Populus), and cherry (Prunus) are found in the 
region north of the marsh. 

The region to the east of the marsh and into which 
the marsh extends, is a grazed pasture of rolling hills 
with many hawthorn and a few apple trees (Pyrus) 
dispersed in it. These pastured hills drain towards 
the marsh while at the northeast corner of the marsh 
a small creek enters from a seasonal marsh located 
in the extreme northeast corner of the pasture area. 
Many large boulders are scattered over the pasture, 
and a large stone pile is present near the northeast 
corner of the marsh. About ten cattle were in the 
pasture from May until September of each year. 

The Cherry Hill area is bounded on the north by 
an extensive hilly pasture which eontains a large 
marsh. Northeast is a large wooded area and to the 
east are a number of continuous pastures. <A pas- 
tured woodlot is located southeast of the study plot 
and contains a few small shallow pools. The woods 
south of the marsh continue for half a mile. Gravel 
pits are locted beyond the southwest corner of the 
area and also to the west. An extensive wet field, 
into which the marsh located on the study area drains 
by the slough, lies between the gravel pits to the 
southwest. 

During the period of this study, noticeable changes 
in the vegetation occurred, such as an inerease in the 
density and height of the sumac, an inerease in the 
areas covered in the summer by white clover (Meli- 
lotus alba), and an increase in the height and abun- 
dance of the hawthorns, cherries and willows. Thus, 
the data of the last season. were taken on an area of 
denser vegetation than those of the first season. Other 
plants found abundantly on the area were blackberry 
(Rubus), yarrow (Achillea), goldenrod (Solidago), 
and sedge (Carex). 

The Fleming Creek area of about two acres is ap- 
proximately one-half mile north-northwest of the 
Cherry Hill area. The land slopes gently towards 
the creek, is very damp with much seepage, and is 
covered throughout by dense grasses and sedge which 
have formed a thick mat over a peat soil affording 
ample retreats for snakes. Bushes and trees are 
searce. In the early spring parts of the area nearest 
the creek may be flooded. 

The Sedge Point-East Point area, covering about 4 
acres, is located on the northern shore of Douglas 
Lake, Cheboygan County, Michigan. Sedge Point 
includes three beach pools which are separated from 
the lake by a sandy bar from five to fifty feet wide. 
The pond farthest to the east, the most recent in ori- 
gin, may dry up completely in the late summer, while 
the west one dries up by midsummer every year. The 
center pond seldom disappears. These pools are sur- 
rounded by maple woods on all except the lake side. 
East of the center pond an open area of sedges ex- 
tends approximately 100 feet to the east pond which 
is surrounded by a sedge covered flat. 

All three pools are surrounded by sedges and in 
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the west one, sedges cover the entire area. Clumps 
of willows are scattered along the edges of the pools. 
In the open areas away from the pools, sedges, grasses 
and poison ivy are the dominant plants. 

The three East Point pools, one-half mile east, are 
similar to the Sedge Point pools except that they lie 
north and south and the southernmost dry up early 
in the summer, while the most northern usually dries 
up in the late summer. The two areas are considered 
as comparable habitats in this study. 





Fig. 2. View looking southwest from center of hill on 
north side of marsh at Cherry Hill study area. A wooded 
knoll is at the upper left and a large patch of sumac at 
the upper right. Washtenaw Co., Mich. July, 1949. 


oo 





Interior of marsh at Cherry Hill study area 


Fig. 3. 
showing bushes and trees. Washtenaw Co., Mich. March, 
1949. 


METHODS 


The method used to mark individual snakes was that 
of Blanchard & Finster (1933). The caudal scutes 
were clipped in such a manner that each snake could 
individually. On _ healing, these 
Marks made early in 


be distinguished 
clipped scutes leave a scar. 


1948 were easily identified at the end of the study in 
1950. 

For snakes with stub tails and a few specimens that 
had lost their tails completely, what marks could be 
made were augmented by descriptions of the snake. 
All three species of garter snakes were marked in the 
Thus, species, sex, size, and in the Com- 


Same series. 


Ecological Monographs 

Vol. 22, No. 4 
mon Garter Snake, color variations were additional 
checks for caudal marks. Each specimen had a dif- 
ferent set of scale marks and also an individual num- 
ber in a consecutive series. By referring to the caudal 
mark of a specimen caught in the field, the serial 
number could be found in a catalog of these numbers 
which also indicated the sex, species and size of the 
individual. 

During the first season of work in 1948, the entire 
Cherry Hill area was covered rather equally, with 
perhaps more concentration in certain regions of 
greater productivity. Systematic searches were car- 
ried on during the season of 1949, and the time spent 
on each part was recorded. There was some varia- 
tion, but this was caused largely by the fact that when 
more snakes were found on one area, more time had 
to be taken in this region recording the captures. In 
1950, although all habitats on the arez 
more attention was given to regions of greater snake 
abundance and to gathering information to fill gaps 
In comparing maps showing distribution 


were covered, 


in the data. 
of captures for the three species, no essential differ- 
ences were found for the three years. 

The procedure in covering an area consisted of 
walk'ng back and forth in order to arouse and dis- 
cover any snake present. Most of the time a cane- 
sized stick was carried to swish through clumps of 
grass and to pry into bushes and thickets. In the 
marsh, best results were obtained when a snake could 
be located at a distance and then approached cau- 
tiously to prevent startling it. 

Points of capture were marked on maps of the 
area. Large wooden stakes at each acre corner and 
natural features such as a bush or tree were used as 
reference points. 

In the three year study at Cherry Hill, 260 days 
were spent in the field an average of four hours per 
day, three days per week from March to November. 
During the spring and fall, most observations were 
made between 1 and 5 p.m., but throughout the sum- 
mer the area was visited both in the morning and 
afternoon. Trips were made at dawn, dusk, and at 
night to determine activity at these times. The area 
was also visited on warm winter days. 

From 1948 to 1950, over 2000 records were obtained 
for more than 1600 individual garter snakes in various 
Of these, 51% were Common 
Garter Snakes, 34% Ribbon Snakes and 15% But- 
ler’s Garter Snakes. The subsequent analyses con- 
sider chiefly those individuals observed at the Cherry 
Hill area, unless otherwise specified. 

A check list of vertebrates observed at the Cherry 
Hill area included 15 species of mammals, breeding 


parts of Michigan. 


e~ 


records for 32 species of birds, and 12 species of 
reptiles, 14 species of amphibians and 2 species of 
fish. 


FOOD HABITS 
The earliest extensive paper considering the food 
habits of these snakes was that of Surface (1906). 
Ruthven in his monograph of the garter snakes 
(1908), and Ruthven, Thompson & Gaige (1928) 
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also discuss the food habits of these species. Uhler, 
Cottam & Clarke (1939) include data on two of the 
species. Much of the information is in herpetological 
studies of local areas, as Conant (1938), Carr (1940), 
Breckenridge (1943), Logier (1939), Lueth (1941), 
Pope (1947) and Hamilton (1951), or in general 
works as Ditmars (1936) and Schmidt & Davis 
(1941). Most of the published data represent ran- 
dom observations from seattered areas over a number 
of vears. Also, many of the published accounts are 
only for captive specimens. In contrast, the present 
study was concentrated on two small areas, thus pro- 
viding that the same populations of prey were present 
for all individuals and species to feed upon.  Differ- 
ences found between individuals and between species 
‘cannot be attributed to the variation inherent in dif- 
ferent localities or different prey populations. This 
point is of great significance in comparing food habits, 
for with the analysis of a single population, any dif- 
ferences which are present between sexes and age 
groups appear, as well as those between species. 

Often, a captured snake may show a ventral bulge 
which indicates the presence of recently devoured 
prey. At other times, food may be present, but not 
externally apparent. As a part of the study pro- 
cedure, every snake was tested for food in the fol- 
lowing manner. The snake was held at the base of 
the tail with one hand while the other hand was 
worked forward along the abdomen, the thumb press- 
ing constantly into the belly with enough foree to 
start regurgitation of any food present. This mo- 
tion was continued until the snake was relieved of the 
food. 

The food obtained in this fashion is usually partly 
digested, although some is relinquished alive. Or- 
dinarily this food could be identified in the field, but 
when there was doubt the material was preserved for 
further examination. Because of its partially di- 
gested state and the uncertainty of obtaining all food 
present, the bulk of different types of food was not 
recorded. 

On many occasions when no food could be forced 
from a snake, digestive juices were obtained, and at 
other times only small particles such as sand, leaf 
mold, insect and bone fragments were relinquished. 
The forced regurgitation method used, in the opinion 
of the author, obtained all identifiable food from the 
snakes. 

The word “preference” is used in this paper to 
indicate the tendency of a snake to choose certain 
conditions of environment (habitat preference) or to 
select more frequently certain types of prey as food. 
These preferences are probably determined by in- 
herited behavior patterns. There are obviously many 
more habitat types and food types available to an 
individual snake than it is found to oceupy or to feed 
upon. Therefore, it can be assumed that the animal 
exhibits a choice as to which habitat it is to oeeupy 
or which food it is to eat. Usually the food preference 
and the habitat preference of a species are directly 
related to one another. 

At Cherry Hill in 1948-1950, 1230 captures were 
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made, from which 301 (24%) records of food were 
obtained. The Common Garter Snake produced 59%, 
the R'bbon Snake 28%, and Butler’s Garter Snake 
13% of this total. 
proximate the proportions of these species in the 
total snakes marked, that is 52%, 35% and 13%, re- 
The proportions of each species which 


These proportions closely ap- 


spectively. 
gave up food were very similar, 26% for the Com- 
mon Garter Snake, 22% for the Ribbon Snake and 
26% for Butler’s Garter Snake. 

Analysis of the food records obtained at the Cherry 
Hill area shows Butler’s Garter Snake to feed chiefly 
on earthworms (83%) with leeches (10%) being the 
only other food observed. Amphibians form 90% of 
the food for the Ribbon Snake, two fish and two 
caterpillars making up the rest of the identified food. 
The Common Garter Snake, while showing a prefer- 
ence for earthworms (80°), also has a secondary 
preference for amphibians (15%) and consumed a 
much greater variety of foods, including mammals, 
fish, caterpillars and leeches (Fig. 4). 

Common Garter Snakes exceeding 40 em in length 
‘apture more amphibians and take more warm blooded 
prey than the smaller snakes: earthworms 76% and 
88%, amphibians 19% and 8%, mammals 2% and 
0%, others 3% and 4%, respectively. The amphibians 
saten by the small snakes were all small forms (two 
Hyla crucifer, one Pseudacris nigrita, one Acris cre pi- 
tans, and a metamorphosing Rana clamitans). Large 
Rana clamitans and Rana pipiens, made up 65% of 
the amphibians eaten by the larger snakes, suggesting 
that they choose these larger frogs. 
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Fic. 4. Food of garter snakes at the Cherry Hill area, 
Washtenaw Co., Mich., 1948-1950. 








240 CHARLES C, CARPENTER 


The smaller Ribbon Snakes likewise appear to eat 
the smaller species of frogs (Hyla crucifer and 
Pseudacris nigrita) while the larger individuals uti- 
lize the larger species (Rana clamitans, Rana pipiens, 
Rana sylvatica, Rana palustris). The small snakes 
also take a larger proportion of tadpoles (27%) than 
the larger snakes (10%). A greater variety of foods 
is taken by the larger individuals. 

In comparison, the Ribbon Snake feeds more fre- 
quently upon small or metamorphosing members of 
Rana pipiens and Rana clamitans whereas the Com- 
mon Garter Snake takes a greater number of the 
medium and adult sized frogs of these species. Be- 
cause the large individuals of the Common Garter 
Snake prefer larger prey such as voles, small birds 
(Carpenter 1951), and the larger frogs, some com- 
petition between these two snakes for the smaller 
stages of the larger frogs and all of the small frogs 
is reduced. 

An example of the separation that exists in the 
habits of Butler’s Garter Snake and the Ribbon Snake 
was observed on June 7, 1950, at Cherry Hill, when 
13 juvenile snakes (young of the preceding summer) 
were captured at a small pool used as a cattle tank 
at the edge of the pasture. Of the seven Ribbon 
Snakes, five regurgitated tadpoles, while all four of 
the Butler’s Garter Snakes had eaten earthworms. 
All of the individuals of the Ribbon Snake were float- 
ing or swimming in the small pool, while the four 
Butler’s Garter Snakes were in the thick grass bor- 
dering the pool. 

The food data for the Ribbon Snake, when sepa- 
rated according to seasons, show correlations with 
known amphibian activity. The species of frogs which 
are more active in the spring (Hyla crucifer, Rana 
sylvatica, Hyla versicolor) are more numerous in the 
food records at this time, while the species more ac- 
tive in the summer (Rana pipiens and Rana clami- 
tans) are taken more frequently by the snakes at this 
Tadpoles, which reach their peak in numbers 
in June and July, are consumed in greater numbers 
in these months. Rana pipiens is active in the spring 
(mostly large adults near breeding ponds) but pre- 
sumably are too large to serve as suitable prey. A 
similar seasonal variation is indicated for the Com- 
mon Garter Snake. 

Of the 171 reeords of fcod of the Ribbon Snake for 
which the size and developmental state could be deter- 
mined, 105 were metamorphosing or recently trans- 
formed frogs and 21 were tadpoles. This may be due 
partly to the size preference of the snake and in part 
to the greater availability, in terms of abundance and 
ease of capture, of these amphibians at times of meta- 
morphosis. Evidence for the latter was gathered on 
a number of oceasions. From July 8 to 19, 1948 at 
Sedge Point, the peak of transformation for Hyla 
crucifer, 12 out of 20 Ribbon Snakes contained trans- 
forming individuals of this frog. At an outlying pond 
near Cherry Hill on June 6 and 7, 1949, 13 of 16 
snakes each disgorged from one to six metamorphos- 
ing Pesudacris nigrita. At this same pond on August 
8, 1950, newly transformed individuals of Triturus 


season. 
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viridescens and Ambystoma maculatum were found 
in four of six snakes of this species. During July 
and August, the majority of Rana pipiens and Rana 
clamitans taken were newly transformed. It was 
generally true that on any certain day or short series 
of consecutive days in which a large number of snakes 
were caught, the food obtained was similar. Thus, at 
Sedge and East Point Pools, the records of Triturus 
were all from seven snakes taken on two suecessive 
These data indicate that, at certain periods, 
prey species are more available as food, which may 
be at the time of metamorphosis or during some par- 
ticular period of their activity. 

The food of the Ribbon Snake and the Common 
Garter Snake from the Sedge Point-East Point area 
was proportionately similar to that from the Cherry 
Hill Area. At both areas, the leopard frog (Rana 
pipiens) was the most abundant amphibian in the 
food, while the spring peeper (Hyla crucifer) was 
the next. Tadpoles were of about equal importance 
in both snakes. 

The absence of the green frog (Rana clamitans) 
from both species of snakes at the Sedge Point-Kast 
Point area might readily be explained by the lack of 
suitable habitat for this frog, and the abundance of 
the newt (Triturus from the Ribbon 
Snake as due to the very large population of this 
salamander in the pools. 

When the dates for the first active snakes of each 
species in the spring are compared with those for the 


days. 


viridescens ) 


first feeding individuals of each species, a general 
pattern is seen. Though they may feed immediately 
upon emergence from hibernation (Common Garter 
Snake), usually several weeks pass before frequent 
signs of feeding are apparent in the population. The 
smaller snakes begin feeding later than the adults, 
though they may emerge as early or earlier than some 
of the adults. In the fall, both young and adults feed 
up to the first extended cold spell which sends them 
underground and into hiberation. During warm 
weather in early winter when the snakes come out to 
sun, none were found to have fed. 

The length of the annual feeding period for the 
three species differs. The Common Garter Snake is 
the first to emerge from hibernation and the last to 
enter; therefore, it has the longest annual feeding 
period. Butler’s Garter Snake emerges soon after 
the Common Garter Snake and disappears a_ short 
time earlier in the fall and is only rarely seen sunning 
itself on warm early winter days. Juvenile Ribbon 
Snakes appear early, but the adults do not emerge 
until about two weeks after the other species; they 
ent:r hiberation about one month earlier in the fall. 

New born individuals of all three species begin to 
feed within a few hours after birth. I have observed 
this in the laboratory and in the field have obtained 
food from individuals which could not have been one 
day old. 

The proportion of each species which contained 
food at different months through the season varied. 
The Common Garter Snake, the first to appear, begins 
to feed first followed by Butler’s Garter Snake. By 
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May, about a third of these two species contain food, 
while only a few Ribbon Snakes contained food. From 
June through October is the period of greatest feed- 
ing and the Common Garter Snake was the only spe- 
cies that had fed in November. 

Lueth (1941) found that the rate at which energy 
reserves are utilized in snakes during starvation varies 
directly, and the length of life varies inversely with 
the air temperature. Thus snakes during the warm 
months of the year need more food to maintain them- 
selves. Lueth observed that the loss of weight in hi- 
bernating snakes is small because of reduced metabo- 
lism brought about by low temperatures, This could 
be interpreted to mean thate in the cooler periods of 
the year, very little, if any, food or stored energy is 
required to maintain a snake, This information can 
be correlated to the periodic feeding data mentioned 
above. The greater feeding activity of the Ribbon 
Snake in the summer may also result from the increase 
in available amphibians at this time. The continued 
feeding peak in the fall may be related to the physio- 
logical need of the snake to store reserves for hiber- 
nation. Evidence for this was observed in snakes 
‘caught late in the summer and in the fall. Most of 
these individuals were much fuller of body and more 
solid compared with those of early spring; many of 
these were emaciated. Spring mating activities may 
divert many of the snakes from food getting. 

The evidence gathered from food studies indicates 
that there is no specific preference for any one kind 
of pray within the range of food of the species. For 
15 Common Garter Snakes from which more than 
one food record (maximum of three) was obtained, 
12 had eaten earthworms each time, and one had 
eaten an earthworm the first time and a frog six 
months later; another had eaten an earthworm and a 
spring peeper at the same feeding followed by earth- 
worms at two successive feeding dates. A third dis- 
gorged an earthworm and a Jefferson Salamander 
(Ambystoma jeffersonianum), one month later a 
Green Frog, and a little over one year later, three 
earthworms. Six other individuals contained two or 
three types of food at one time in combinations of 
earthworms and mammal, earthworm and frog and 
another had eaten five mudminnows (Umbra limi), a 
tadpole and a leech. 

The eight repeat food records from the Ribbon 
Snakes, though mostly amphibian, all show a change 
from one species to another. On individual had eaten 
a Wood Frog (Rana sylvatica) and a caterpillar, 
while a week later it contained a Spring Peeper. 
Another contained a Spring Peeper: at later captures 
it contained a Leopard Frog and a Spring Peeper; 
still later it contained a Newt. Others showed shifts 
from frog to tadpole and tadpole to salamander. Nine 
additional individuals regurgitated the following com- 
binations: salamander and frog, Leopard Frog an‘ 
Spring Peeper, Tree Toad (Hyla versicolor) and 
Leopard Frog, caterpillar and frog, Mudminnow and 
Pickeral Frog (Rana palustris), Leopard Frog and 
Wood Frog, Newt (eft) and a transforming Spotted 
Salamander (A mbystoma maculatum), Spring Peeper 
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and Eft, two Mudminnows and a Striped Chorus 
Frog (Pseudacris nigrita). Two Butler’s Garter 
Snakes contained both an earthworm and a leech. 

Individuals of all three species, then, have been 
found with more than one type of food, and indi- 
viduals of the first two species show shifts from one 
type of food to another. From this evidence, indi- 
vidual food preferences do not seem to be apparent; 
rather, there are indications that within the range of 
the food choices of a species, any available food will 
be eaten. 

Using growth records for young rattlesnakes, Fitch 
(1949) found that handling them (capturing and 
marking) stunted growth, and he assumed that it had 
the same effect on other size groups. This is inter- 
preted by the author as meaning the snakes did not 
feed normally after having been handled. This does 
not seem to be true in the species under consideration. 
Examination of recaptured snakes made at intervals 
of one to fourteen days in the Common Garter Snake 
discloses ten individuals which gave up food at the 
first capture only, seven at the second capture only, 
and three which contained food at both the first and 
second capture. There were 51 snakes which gave up 
no food either at the first capture or at the time of re- 
capture. The shortest known interval between feedings 
for this species was three days. One snake regur- 
gitated an earthworm on May 29, 1948, and on June 1 
gave up another. Two individuals of the Ribbon 
Snake fed within two weeks after being handled 
while sixteen gave up no food at both first and sue- 
ceeding captures. The shortest interval for the Rib- 
bon Snake was seven days. Only seven Butler’s Gar- 
ter Snakes were recaptured within two weeks and 
none of these had fed at either capture. 

The fact that ten individuals of the Common Garter 
Snake and two individuals of the Ribbon Snake fed 
within two weeks after being handled, suggests that 
it has no important effect upon future feeding of these 
two species. An examination of growth data for the 
three species indicates that those individuals which 
were handled several times a year grew at the same 
rate as those which were captured only at the begin- 
ning and the end of the interval. This contrasts 
with Fitch’s findings for young rattlesnakes. There 
is no significant evidence for Butler’s Garter Snake 
from the field, but in the laboratory all three species 
will feed on successive days after being handled. It 
it true that a snake which had regurgitated food loses 
the n-nrishment which would have been gained from 
it, anu this may partially explain why my data are 
different from those of Fitch. That garter snakes 
feed at more frequent intervals than rattlesrrakes is 
likely; therefore any loss of food by regurgitation 
would not necessarily be so detrimental to the former. 

Observations in the laboratory (temperatures of 
70° to 80° F.) resulted in an estimate of four to five 
days for the digestion of earthworms and small frogs, 
and this agrees with Hamilton’s (1951) findings. 
These observations suggest tuat food items recorded 
in the field had been eaten no more than a week be- 
fore and probably only one to two days. 
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An observation on the efficiency of an adult female 
Ribbon Snake in attempting to catch frogs was made 
August 9, 1948, at Sedge Point. I watched through 
field glasses and saw no indication that the snake was 
aware of my presence about 25 feet away. The fol- 
lowing is quoted directly from my field notes: “At 
3 p.m. I observed this snake foraging along shore. 
In the next three quarters of an hour it moved back 
and forth along the shore searching for food. It 
chased and missed eight frogs in this time. When 
within 8 to 10 inches of a frog, it seemed to be able 
to sense it and would stalk towards it, the frog jump- 
ing just as the snake was ready to strike. At times, 
it would freeze, then after a short time its tongue 
would start flicking as it moved along, head going 
from side to side as if to pick up some seent of food. 
At other times it would lift its head up and _ peer 
about. At one time it came within about two to three 
feet of a group of Rana pipiens at the edge of the 
pool but did not notice them and turned and went 
the other way.” Since it was a warm summer day, 
there was no reason to believe that this snake did not 
show usual efficiency. It seems that the tongue-flicking 
of the snake was important in its search for food. 
It is known that the tongue carries small particles to 
Jacobson’s organ in the roof of the mouth, where they 
are interpreted by chemoreceptors. 

Wilde (1938), experimenting with the Common 
Garter Snake to test the function of Jacobson’s organ, 
found that the determining factor in the feeding re- 
action is a chemical stimulation of this organ. Sealded 
earthworms, though motionless, were quickly taken. 
Even cotton swabs wet in the slimy mucus from such 
worms are ingested. 

The searcity of fish in the diet of these snakes is 
probably due to the difficulties the snakes have in 
capturing them, because they are readily eaten in the 
laboratory. Those fish obtained as food came from 
snakes which were in situations where the fish were 
easily accessible. Once the fish were stranded in small 
pools in a very shallow creek that was drying up, 
and on another occasion thousands of tadpoles, min- 
nows, and leeches had been stranded by quickly re- 
ceding water after a period of heavy rains. In the 
latter situation an individual contained five Mudmin- 
nows, a tadpole, and a leech. From observations on 
the efficiency of capturing food it seems that these 
snakes would have a great deal of difficulty in catch- 
ing fish in open water, and probably all those obtained 
are from situations where they are easily accessible. 
All of the fish records were for the Mudminnow 
(Umbra limi) which thrives in shallow, muddy pools 
where it is easily stranded and caught by a snake. 
On lakes, fish found as beach drift may be eaten. 

The records of two birds and four mammals from 
the Common Garter Snake show that this species is 
capable of preying on homeothermie vertebrates. The 
first record for a bird was an adult Song Sparrow 
(Melospiza melodia) taken at the Fleming Creek area. 
There is no evidence to show whether it was dead or 
alive when taken. The other record was for four 
Goldfinch nestlings (Spinus tristis) taken in the field 
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just east of the Cherry Hill area, but the Goldfinches 
may have been alive, as indicated by adult activity 
near the nest, though the condition of the nest led 
me to believe they were dead when eaten. In the lat- 
ter instance, I observed the snake at the nest just 
swallowing the fourth young bird. The nest was 
three feet up in a small hawthorn in the pasture, 
evidence that this snake will climb for its food. 

As reported to me, a large Common Garter Snake 
eaught in Cheboygan County, Michigan, in the sum- 
mer of 1949 regurgitated an eight to ten day old 
Bobolink (Dolichonyx oryzivorus) which was one day 
out of the nest and had probably been alive when 
taken. The snake was captured near the nest which 
was under observation. Walkinshow (1943) reports 
this species eating Chipping Sparrows (Spizella 
passerina). 

All of the mammals eaten were Microtus pennsyl- 
vanicus. Two were represented by the skull and fur, 
one by fur only, and the other by fur and newly born 
young. There is no evidence to show whether these 
voles were taken dead or alive. 

All of the three warm blooded forms eaten on or 
near the study area are relatively abundant there, 
but more important, they are also the species which 
are most easily caught by the snakes. Though Pe- 
romyscus, Zapus, and Blarina are present, none of 
them are as accessible as Microtus which is active in 
the grasses at the surface of the ground, often during 
the daytime when the snakes are most active in the 
same place. The Song Sparrow nests on the ground 
on the area in late spring and early summer where 
snakes might easily come upon it. The goldfinch nests 
on the area in late summer in the low bushes, and 
it has been indicated that both the Common Garter 
Snake and the Ribbon Snake are often found in low 
bushes at that time. 

At various times throughout the study period ex- 
periments were made to test what the three species 
would eat in the laboratory. The laboratory tempera- 
tures ranged from 65° to 80° F. Snakes were kept 
singly in 444” by 9” by 14” glass-topped tray cages 
which were open to daylight; each contained a finger 
bowl of water and sawdust on the bottom. The food 
(Table 1) was introduced one item at a time, and 
permitted to remain in the cage, if not taken by the 
snake, for a week or until death. Because of the 
lack of availability of some and the obvious physical 
inability of the snake to cope with others, all intro- 
duced food types were not tested for each of the 
three species. Doubtful instances of feeding were 
checked by forced regurgitation. 

It was shown above that the Ribbon Snake did not 
feed on earthworms. Experiments to entice this spe- 
cies to eat earthworms by first removing the mucus 
from the worm and then covering it with frog secre- 
tions were not successful. This species in captivity 
ate all available kinds of frogs within the size range 
it could swallow and also ate a toad (Bufo ameri- 
canus), a species not taken from any individual in 
the field. Though caterpillars were taken in the field, 
these forms and other types of insects and spiders 
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TABLE 1. Food of Michigan Garter Snakes eaten in 
the field and in the laboratory. 





SPECIES 


BuTLer’s 
GARTER SNAKE 


Common Rippon 


Type of Food 
GARTER SNAKE SNAKE 


Field Lab. Field Lab. Field Lab. 


Microtus pennsylvanicus Xx O O 
Passer domesticus . b 4 O 

Melosziza melodia... X O O O 
Spinus tristis.......... X O O O 
Thamnophis spp. (smal! - - 
Rana pipiens X xX X xX X 
Rana clamitans X xX X x O 
Rana sylvatica xX xX xX xX 

Rana palustris XxX xX x x oO 
Hyla versicolor xX X X O 
Hyla crucifer xX xX X X xX 
Pseudacris nigrita.... X xX xX xX 

Acris crepitans xX xX O 

Bufo americanus X X Xx xX 
Plethodon cinereus X X xX xX 
Ambystoma jeffersonianum xX xX x O 
Ambystoma maculatum a X X oO 
Triturus viridescens X xX xX xX O 
Tadpoles spp. xX xX xX X - 
Umbra limi X X xX X X 
Minnows xX X X 
Chopped Fish X X xX 
Hairy caterpillars 

Soft bod‘ed caterpillars X - X 

Spiders. . 

Ants. . 

Grasshoppers as 

Beetles ‘ - - - 
Leeches. . X XxX - x xX 
Earthworms. . xX X xX xX 





Other materials found (probably taken accidentally or contained by other preys: 
beetle elytra, hymenopterous wings, other insect fragments, bone fragments, grass, 
thistle down, Lymna, weeds, leaf mold, sand. 


X Food was eaten. 

Food not observed from field. 
- Food tested in laboratory, but not eaten. 
O Food not tested in laboratory. 


were refused in captivity. Small minnows and 
chopped fish were taken, but leeches were refused. 

The Common Garter Snake has a very wide selec- 
tion of food including all available amphibians small 
enough to be swallowed. The meadow vole, which 
was taken in the field, was not eaten in captivity, 
though dead English Sparrows were eaten by two 
large females. Leeches were quickly taken in the 
laboratory as well as small minnows and chopped 
fish. Insects (larvae and adults) and spiders were 
refused. 

Butler’s Garter Snake ate earthworms and leeches 
readily in captivity. A Hyla crucifer, a small Bufo 
americanus, a small Rana pipiens, and a Plethodon 
cinereus were all eaten after remaining in the cage 
for a short time, but Acris crepitans and Pseudacris 
nigrita were refused. Small minnows and chopped 
fish were quickly taken in the laboratory. Several 
kinds of insects and spiders were refused. 

Small garter snakes were refused by all three spe- 
cies and no evidence of cannibalism was ever obtained. 
In general the last two species accepted food types 
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in the laboratory that they commonly were observed to 
feed upon in the field. Items such as fish, eaten by 
all three in the laboratory, and amphibians, taken 
here by Butler’s Garter Snake, are probably scarce or 
absent in diets due to their unavailability to the 
species, 

The fact that the Common Garter Snake will take 
fish in the field and the importance of availability as 
related to the abundance of fish as food, is brought 
out by the study of Lagler & Salyer (1945) in areas 
of fish rearing ponds in Michigan. They found that, 
in specimens of the Common Garter Snake captured 
near these ponds, fish were the most important item 
of food. Large populations of fingerlings were con- 
fined within these ponds, and thus were easily avail- 
able as snake food. This concentration of readily 
available food would perhaps attract more garter 
snakes than the area could support under natural 
conditions. 

Nearly all accounts of the Common Garter Snake 
mention earthworms as an important food item to- 
gether with amphibians, and the more thorough stud- 
ies place earthworms ahead of amphibians in impor- 
tance. The majority of references listing insects as 
food for this snake directly or indirectly relate to the 
work of Surface (1906). Surface mentions numerous 
insects but states that many of them were from the 
stomachs of toads eaten by the snakes. Hamilton 
(1951) discusses this point and cites examples where 
he believes the insects were taken by the snakes as 
food. The insect remains that I have found in garter 
snakes, I believe, were taken by the prey which the 
snake had eaten, caterpillars excepted. The cater- 
pillars evidently were eaten by the snakes. There 
are some references to small mammals and birds be- 
ing taken by this species. 

Definite variations in the species of amphibians 
eaten in different localities is evident from the re- 
ports of various authors. Barbour (1950), reporting 
on the food of this snake in the Big Black Mountains 
of Kentucky, lists salamanders as of much greater 
importance than frogs, and Uhler, Cottam & Clarke 
(1939) also list salamanders with toads as important 
foods in the George Washington National Forest of 
Virginia. Weber (1928) considers the toad as the 
favorite food of this snake in the Adirondack Moun- 
tains of New York. I have only one record for the 
toad in my study and salamanders are of much less 
importance than frogs as amphibian food. This is 
probably due to the searcity of these forms at Cherry 
Hill. 

Accounts on the food of the Ribbon Snake are few, 
the best being those of Surface (1906), Ruthven 
(1908), and Ruthven, Thompson & Gaige (1928). 
The majority of other reports use these studies as the 
Surface reports one Ribbon 
There are 


sources of information. 
Snake as having contained an earthworm. 
many accounts which claim this snake refuses these 
annelids (Conant 1938; Ditmars 1936; Logier 1939; 
Toner 1935) and from the data assembled in my 
work, I am convinced that this snake does not eat 
earthworms in Michigan. Though some soft bodied 
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insects may be eaten, most references to insects prob- 
ably refer to those which were first eaten by some 
amphibian. Seemingly authentic reports of numerous 
ants being eaten by this snake, suggest they may be 
a source of insect food. All authors agree that am- 
phibians are decidedly the most important item in the 
diet, and as mentioned above for the Common Garter 
Snake, the type of amphibians taken will vary with 
the availability of prey species present. 

The references to the food of Butler’s Garter Snake 
are unanimous in claiming that earthworms make up 
most of the diet of this snake, with some listing 
leeches (Ruthven 1928; Conant 1938; Logier 1939). 
I have found no authentie records of amphibians 
having been eaten by this snake in the field. 


HABITAT 


On first observation there seemed to be no dif- 
ference in habitat selection between the three species 
of garter snakes at Cherry Hill. In the spring of 
1948 all were found together on the south-facing hill- 
sides in the north side of the area. To determine 
whether differences in habitat preference actually 
existed, the habitat of every snake captured was noted 
in some detail. Data on the vegetation type, physiog- 
raphy, soil, proximity to water, type of cover, and 
other features, were recorded. An analysis of these 
data showed that there were significant differences in 
the habitats occupied by the three species. 

Over the entire season of activity, all species were 
captured more frequently in the extensive well drained 
grassy areas of the pasture and sumac clumps than 
in any other association (Fig. 1). This was influ- 
enced by the fact that the hibernating sites were lo- 
cated here, and thus the snakes were very abundant 
in early spring and in the fall. 

In the spring, the Common Garter Snake and But- 
ler’s Garter Snake appeared on the grass-sumae area 
first, followed about two weeks later by the Ribbon 
Snake. Young of all three were found in hibernation 
together at the base of the hill in this region. As the 
spring days became warmer, the regions of greatest 
activity changed so that by June and on through 
August a partial separation of the three forms was 
apparent (Fig. 5). The Ribbon Snake was seldom 
found far from a bush, tree, or similar type of cover, 
while Butler’s Garter Snake occurred more abundantly 
in the thick grasses and sedges along the margin of 
the marsh. The Common Garter Snake preferred the 
open hillside and was not found as closely associated 
with bushes as the Ribbon Snake. In the woods on 
the south side of the area, both the Common Garter 
Snake and the Ribbon Snake were present in the 
spring. In contrast, Butler’s Garter Snake was not 
encountered in these woods at any time. 

From May through the warm months all three 
forms occurred in the marsh; the Common Garter 
Snake infrequently, and then usually close to shore. 
The Ribbon Snake, which exhibited the greatest pref- 


erence for water of the three, was found over the 


entire marsh, and, although rather scarce in the cen- 
ter, it did move out farther into the marsh than the 





Ecological Monographs 
Vol. 22, No. 4 


EE enaser ances [Satire 

THT WaTER AND 
7 en fl | lI] WATER VEGETATION 
f-— 


| BENEATH OBvecTS 
_| oF cover 





COMMON GARTER Graxe 
















AKE 


i 


| ill HK 


SUTLER'S GARTER Snake 
= — 












































a | 
































Lidilitd 


so 80 100 














PER Cent 

Fig. 5. Abundance of garter snakes in various habi- 
tats during June, July and August, 1948-1950 at the 
Cherry Hill area, Washtenaw Co., Mich. 
other two species. In the marsh, this species still 
occurred near or up in bushes, whether along the mar- 
gin or out in the marsh itself. The individuals of 
Butler’s Garter Snake found in the marsh were near 
the margin and at water level. 

The three species showed a tendency either to move 
into, or perhaps to become more active in the pasture 
during the summer. Here, too, different habitat pref- 
erences were exhibited. Butler’s Garter Snake was 
confined to the marsh margin in the thick sedges and 
grasses except for a few individuals found away from 
water in the dense grass near the barn. The Ribbon 
Snake occurred both along the border of the marsh 
and out in the pasture, chiefly in the hawthorn bushes 
and particularly those which are near the marsh. 
The Common Garter Snake was also found up in 
hawthorns but was more abundant in the open pas- 
ture and showed no restriction to the marsh margin. 

Butler’s Garter Snake and the Common Garter: 
Snake exhibited cryptic tendencies in using objects 
such as boards, papers, stones, trash, pieces of metal, 
logs, and rock piles for cover. The Ribbon Snake 
was found under cover of this sort to a much lesser: 
degree, 

When the records of all the snakes associated with: 
bushes on the grassy areas were separated from those- 
found on the same areas but not in association with 
bushes, a very important difference was observed 
(Fig. 6). The Ribbon Snake showed a definite pref- 
erence for bushes (60%) in contrast to Butler’s Gar- 
ter Snake (35%). The Common Garter Snake tended 
to be found away from bushes (55%) slightly more: 
than in association with them (45%). 

The shrub-loving tendencies of the Ribbon Snake 
were readily seen when the percentages of the three 
species captured in the bushes were compared. Of 
all Ribbon Snake records obtained, 16.8% were for 
animals in bushes in contrast ‘to 4.3% and 2.5% for 
the Common Garter Snake and Butler’s Garter Snake 
respectively. This climbing tendency of the Ribbon 
Snake is even more apparent when the percentages 
of those taken in bushes during July and August were: 


compared. In this period, nearly two-thirds of the- 
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Fic. 6. Abundance of garter snakes on grassy areas 
associated with, and not associated with, bushes, at the 
Cherry Ilill area, Washtenaw Co., Mich., 1948-1950. 


Ribbon Snakes were above the ground while only 
31% of the Common Garter Snakes and 16% of the 
Butler’s Garter Snakes were found in this type of 
situation. The maximum height reached for 65 Rib- 
bon Snakes was 6 feet (average 2.56 feet) as com- 
pared to 4 feet (average 2.01 feet) for 29 Common 
Garter Snakes. The Ribbon Snake is the most slen- 
der and longest-tailed of the three species, a form 
similar to that of many arboreal species of snakes. 

All three species were observed in bushes both on 
land and out in the marsh over water. The most com- 
mon shrubs used were hawthorn in the pasture and 
rose and willow in the marsh. Other vegetation in 
which these snakes were found included sumae, but- 
tonbush, alder, blackberry and some other shrubs, 
sedges, marsh grass, cattail, vines, various weeds, and 
leaning tree trunks. 

During July and August, when these snakes ex- 
hibited their greatest arboreal tendencies, numerous 
temperature and relative humidity readings (both in 
sunlight and shade) were taken on the surface of the 
ground or ground cover with the thermometer laid in 
snake-like position on the ground, near the center of 
the bush at the approximate position where the snake 
was found, and in the air surrounding the bush. 
Relative humidity readings were taken in similar po- 
sitions. The temperatures in the bush averaged 5°C 
cooler than the surface temperatures of the ground 
and 2°C cooler than the air temperatures surround- 
ing the bush. Relative humidities were usually a 
little higher in the bush than in the surrounding air, 
except on windy days. Surface temperatures of the 
ground, in the sunlight, were recorded as high as 
37°C, which approaches the lethal temperature of 
41°C determined for Thamnophis radix by Lueth 


(1941). 


To escape the heat on hot summer days, 


snakcs may seek shelter either in thick vegetation or 
beneath the surface of the ground. This may explain 
the presence of so many Ribbon Snakes and some 
Common Garter Snakes up in the bushes at this time. 
Butler’s Garter Snake was recorded in bushes only 
twice on very hot days and then in areas devoid of 
dense grasses. 


Most of the individuals of this species 
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found on hot days were in the dense marsh grasses 
at the margin of the marsh. 

To check on these habitat separations indicated by 
analysis of the Cherry Hill population, other areas 
were selected which had the habitat characteristics 
necessary for two of the species but not the third. 
These places, which were studied only briefly, are 
described below. 

The Fleming Creek area is a gently sloping field 
covered with a dense growth of grasses and sedges 
growing from a damp peat soil. No trees are present 
and bushes are very searce. Fleming Creek borders 
the area on two sides. The presence of the dense 
growth of grasses and sedges in an area devoid of 
bushes, but near water, was the type of habitat indi- 
cated to be preferred by Butler’s Garter Snake. The 
lack of bushes seemed to be a limiting factor to the 
presence of Ribbon Snakes. These indications were 
borne out in this habitat. Over the three year study 
period, the collection of several samples resulted in a 
total of 114 Butler’s Garter Snakes and 64 Common 
Garter Snakes, but no Ribbon Snakes despite the fact 
that a population of these snakes is known to exist 
approximately 2000 feet to the south. 

Volvox Pond is approximately 12 miles north of 
Ann Arbor on U.S. Highway 23. 
sufficiently to know that it illustrates a habitat where 
the Ribbon Snake and the Common Garter Snake 
were present and Butler’s Garter Snake was_ not. 
The central buttonbush marsh was bordered by eulti- 
The margins of the marsh 


It was sampled 


vated fields and pastures. 
had very little growth of dense grasses, and the sur- 
rounding fields were well drained and rose steadily 
from the marsh. Buttonbush and willow formed the 
dominant vegetation in and around the marsh. Am- 
phibian prey was plentiful. A total of 16 Ribbon 
Snakes and 3 Common Garter Snakes were taken in 
this area, and all, except one of the Common Garter 
The lack of dense 
grasses at the marsh margin was probably the factor 
inhibiting the presence of Butler’s Garter Snake, 
while the abundant cover of bushes in the marsh, 
along with a plentiful supply of amphibians for food, 
enabled the Ribbon Snake population to become large 
enough to outnumber the Common Garter Snake. 

The Sedge Point-East Point area in northern Michi- 
an consisted of a series of beachpools along the shore 
The sandy soil 


Snakes, were up in the bushes. 


a5 
g 
of Douglas Lake, Cheboygan County. 
supported lush growth of sedges at the water margins. 
Seattered willows and alder bushes surrounded the 
pools. Amphibians were very plentiful. This are: 
was sampled thoroughly over the three-year study 
period and during this time 123 individual Ribbon 
Snakes were recorded as compared to only 46 Com- 
Butler’s Garter Snake presum- 
ably does not range this far north. This habitat was 
ideal for the Ribbon Snake due to the presence of 
bushes surrounding the pools and the abundant sup- 
ply of amphibians. However, the sandy soil limited 
the number of available carthworms and thus placed 
the Common Garter Snake in direct competition with 
the Ribbon Snake for amphibians as food. The faet 


mon Garter Snakcs. 














246 CHARLES C, CARPENTER 


that the Ribbon Snake outnumbered the Common Gar- 
ter Snake may indicate that when only amphibians 
are available as food, the former species will be more 
abundant in the population of thamnophids. 

Within the habitats discussed above for Cherry 
Hill, the three species of garter snakes were com- 
monly found closely associated. Never was any be- 
hav_or observed indicating intolerance between them. 
Ribbon Snakes and Common Garter Snakes have 
been captured beneath and in the same bush, and 
Common Garter Snakes and Butler’s Garter Snakes 
were often caught within inches of each other, as 
was the latter species and the Ribbon Snake. There 
was no evidence that they prey upon one another. 
The association of these snakes was greater in the 
spring and in the fall, when the snakes were at hiber- 
nation sites, than during the warm months, when 
they tended to be segregated into different habitat 
niches. The factor which limited their association 
was a difference in habitat preference. The amount 
of association of the new born snakes of the three 
species during their first hibernation was very great 
(Carpenter 1952), but there were no data to indicate 
this was true in hibernating adults. 


MOVEMENT 


Within a limited area, a garter snake moves about 
to find food, protection from the cold of winter and 
‘heat of summer, and a mate. As movement is also 
important in changes of geographic range of the spe- 
cies, some knowledge of rate and extent of movement 
is necessary to understand such changes. The ho- 
mogeneity of the hereditary characters of a species 
over its entire range is dependent upon a transfer 
of genes from one part of the population to another. 
The importance of movement with respect to these 
gene transfers is apparent. The role of movement, 
then, is vital in the individual’s existence and impor- 
tant as a a factor determining geographic range and 
evolution of the species. The following methods were 
used in analyzing movements of the three species of 
garter snakes at Cherry Hill. 

Records of snakes captured two or more times were 
plotted on separate maps drawn to seale, and dis- 
tances between points of capture were then measured. 
From these plotted points and measurements, the 
minimum distance moved over a determined lapse of 
time, the direction of movement, the pattern of move- 
ment and evidence for and against a limited range 
were investigated. 

In calculating the period of movement over an 
entire year one must consider periods of inactivity. 
The garter snakes in Michigan hibernate throughout 
the cold months, and therefore, the length of the 
hibernation period must be deducted if ineluded be- 
tween dates of capture. The hibernation period was 
estimated to be the interval between the last capture 
of the species in the fall and the first in the spring, 
plus and minus a few days in the spring and fall, 
respectively. These days were added and subtracted 
in an attempt to arrive at a more probable figure for 
the majority of snakes which do not emerge from 
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hibernation until a few days after the first individual 
appears and which enter hibernation before the last 
straggler. This calculation did not take into account 
the individuals which appear very late in the fall and 
on mild winter day to sun themselves near their dens, 
because these snakes showed no evidence of move- 
ment. The hibernation period subtracted from 365 
days gave the average annual activity period for each 
species. The hibernation period for the Common 
Garter Snake and Butler’s Garter Snake was 150 
days and the activity period 215 days. For the Rib- 
bon Snake the hibernation period was considered to 
be 175 days and the activity period, 190 days. 

As movement involves distance and time relation- 
ships, it is necessary to have some estimate of the 
possible speed at which these snakes may travel. The 
three species of garter snakes are considered to move 
at a speed between 0.75 and 2.00 miles per hour, But- 
ler’s Garter Snake being the slowest and the Ribbon 
Snake the most rapid. A garter snake traveling at 
the rate of one mile per hour (88 feet per minute) in 
a straight course could easily move the length of the 
Cherry Hill area in one-half hour. 

The minimum distance traveled in a certain length 
of time can be caleulated from recapture records. 
Blanchard & Finster (1933) recorded a male Common 
Garter Snake which moved at least 1800 feet in one 
hour (30 feet per minute). Though this snake was 
released in an area foreign to it, the experiment 
showed that a snake may move a considerable distance 
in a short period of time. On June 17, 1950, an 
adult Butler’s Garter Snake on the Cherry Hill area 
moved a minimum distance of 400 feet in two hours. 
On April 20, 1949, an adult male Common Garter 
Snake, after being marked and released, moved at 
least 104 feet in one-half hour. Other records include 
an adult female Common Garter Snake which moved 
120 feet in one day, an adult male of the same species 
which moved 88 feet, and an adult female Ribbon 
Snake which moved a minimum of 136 feet. These 
snakes, traveling at the mentioned rates, could have 
crossed the study area in from one hour to one week. 
No data were collected indicating that a snake had 
gone the length of the Cherry Hill area in one week 
or less, which suggests that movement in these snakes 
is not extensive in one direction, at least during a 
short period. 

A better understanding of the speed and the con- 
tinuity of movement of these snakes can be obtained 
from an observation made at Cherry Hill on October 
8, 1949 (air temperature 28°C). On this date, an 
adult Common Garter Snake was noticed in a clump 
of weeds in the pasture and its movements were re- 
corded for the next 42 minutes, until it disappeared. 
The snake was watched with the naked eye and with 
field glasses, and there was no indication that the 
observer’s presence influenced its movements. The 
distance between the points of the first and last ob- 
servations on this snake was approximately 45 feet, 
but a measurement of the route actually traveled by 
the snake as it prowled through clumps of weeds and 


over a log was greater than 100 feet. Many shifts 
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of directions were observed. Continuing at this 
speed, this snake could have moved the length of the 
area in less than a day and a half. The lack of 
records showing such movements suggests that these 
snakes have a limited range. 

Attempts were made to observe the movements of 
snakes over a long period of time. Those snakes 
which were watched moved slowly, hesitated now and 
then, and often raised their heads to peer about. 
Their paths of travel were very irregular, with many 
changes of direction. Usually after a few minutes, 
they disappeared in the thick vegetation and thorough 
searching of the area did not reveal them. 

Often snakes observed in the field exhibited move- 
ments suggesting that they had some knowledge of 
the place and the protective cover present. Ribbon 
Snakes sometimes darted between my legs to the cover 
of a clump of grass or bush into which they often 
climbed. Awareness by the Ribbon Snake of the pro- 
tective value of bushes was often observed at Sedge 
Point. 
it usually started for a clump of willows along the 
shore of the pool. When pursued into the bushes, it 
went from one side of the thicket to the other trying 
to stay in the cover of the vegetation but as far away 
from the pursuer as possible. Common Garter Snakes 


When one of these snakes was approached, 


will also dash close to their pursuers to reach a bush 
or a clump of grass on the other side. Often a thor- 
ough search of the cover which they have entered will 
not reveal the snake, but will show the presence of a 
hole. If snakes exhibit a knowledge of their imme- 
diate surroundings, then there is no reason to believe 
that they are not aware of a much larger area. 

Evidence indicating limited movement in snakes has 
been described by Fitch (1949) and Stickel & Cope 
(1947). Restrictions in movement have also been 
described for turtles by Cagle (1944), Woodbury & 
Hardy (1948), and Stickel (1950), and for lizards 
by Evans (1938) and Stebbins (1948). The signifi- 
cance of such limitations to movement is, as yet, not 
fully understood in reptiles. The fact that many of 
the snakes in the present study were retaken very 
near the point of their original capture and that there 
was no evidence to show that snakes moved swiftly 
across the entire area, 
period of time, suggested limited movement by garter 
snakes at Cherry Hill. This was investigated by 
several analyses of the data available. 

If snakes which had been active over a long period 
of time averaged approximately as close to the point 
of original capture as snakes which had been active 
over only short periods, limited movement would be 
indicated. To test this in the three species of garter 
snakes, the following method was used. 


which was possible in a short 


First, the distance between the original point of 
capture and the last point of recapture was measured. 
This was termed the first-last-capture distance. Then 
the records were arranged in a graded series from 
those with the longest activity periods between cap- 
tures to those with the shortest activity periods. Using 
an annual activity period for all three species of ap- 
proximately 200 activity days, the first-last-eapture 
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distances for individuals with long activity periods 
were averaged and compared to similar averages for 
short activity periods for each sex of each species 
(Table 2). 
active over the longer periods averaged farther away 


Although the animals which had been 


from the point of original capture than those active 
for short periods, they were close enough to make 
limited movement apparent. The males of the Com- 
mon Garter Snake and females of Butler’s Garter 
Snake actually averaged less for the longer activity 
periods. This method gave no indication of range 
or pattern of movement. 


TABLE 2. Average first-last-capture distances for pe 
riods of more and less than 200 activity days. 








Common GARTER Butier’s GARTER 
SNAKE RIBBON SNAKE SNAKE 
Activity period 
in days 
5 2 cy 
Eg} §2 (5 
ZA Sm& <Q ZzAS 
Tora. 
More than 200 42 265.61 ft. 18 321.22 ft. 11 393 .63 ft 
Less than 200 85 | 189.41 ft.| 49 | 237.42 ft.| 15 | 376.66 ft. 
By Sex 
Female 
More than 200 18 | 357.44 ft. 12 | 298.19 ft 4 363 .00 ft 
Less than 200 38 176.34 ft. 26 | 234.30 ft. 4 528 .50 ft. 
Male 
More than 200 24 196.75 ft. 6 | 551.00 ft. 7 411.14 ft. 
Less than 200 47 | 199.97 ft.| 23 | 240.95 it. 11 321.45 ft. 


As another approach, a map of the Cherry Hill 
area was divided in the following manner. First, by 
using acre lines F and 4 (Fig. 1) as bisecting lines, the 
area was divided into four quarters (northeast, north- 
west, southeast, southwest). The area was next divided 
on the basis of the four main terrestrial habitat re- 
gions, (1) the pasture and all the marsh east of the 
fence, (2) the grass-sumae area and the northern part 
of the marsh, (3) the woods and the southern portion 
of the marsh, and (4) the mixed habitat of woods, 
grassy areas, draining slough, and smail buttonbush 
marsh to the west. All snakes captured and recap- 
tured in one section only were compared to those 
originally captured in that area and later in one of 
the other areas of the group. Individuals in each of 
the two categories were counted and the percentage 
in each category determined (Table 3). If limited 
movement was present in these snakes, an analysis 
of these figures should show that a much larger per- 
centage remained in the original area of capture than 
moved out of it. This was usually found to be true. 

An analysis of the first group division indicated 
that the snakes tended to remain in the section in 
which they were originally captured. For the Com- 
mon Garter Snake, 69% of those originally marked 
on the northwest quarter were restricted to this area 
in their movements, while 73% of the Ribbon Snakes, 
but only 59% of Butler’s Garter Snakes, were so re- 


stricted. The northeast quarter showed restrictions 


of 85%, 78% and 55% respectively for the three spe- 
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TABLE 3. Restriction of movement in parts of Cherry 
Hill study area. 





ComMMON BUTLER’s 
GaRTER | RiBBON | GARTER 
Areas Movement SNAKE | SNAKE | SNAKE 
No. | % |No.| % |No.| % 
Northeast Restricted . | 55 | 85 | 18 | 78 6] 55 
Quarter | Not restricted 10 | 15 5/22) 5| 45 
Northwest | Restricted..... 39 | 69 | 22 | 73 | 10 59 
Quarter | Not restricted. 18 | 31 8|27/ 7| 41 
Southeast Restricted... .. 5 | 83 3 | 75 
Quarter | Not restricted Oe ks 1 | 25 1 | 100 
Southwest | Restricted...... 1 | 34 3 | 50 
Quarter | Not restricted...| 2 | 66 3 | 50 
Pasture Restricted. ..... ; 9 | 75 | 10 |100 1 34 
Not restricted 3 | 2 2 66 
Grass- Restricted. ..... | 92 | 86 | 32 | 76| 21) SI 
Sumac Not restricted...| 15 | 14 | 10 | 24 5 19 
Woods Restricted. ..... 5 |100 
Not restricted... / 1 100 
Mixed Restricted...... 1 | 14 9 | 90 
West Not restricted...| 6 | 86 1 | 10 
cies. The southwest quarter had very few of the first 


two species recorded here while no Butler’s Garter 
Snakes were captured. The southeast quarter showed 
an 83% limitation for the Common Garter Snake, a 
75% restriction for the Ribbon Snake, while the only 
Butler’s Garter Snake originally marked on the area 
had moved off. The resulting figures from the analy- 
sis of the second division of the area, which was re- 
stricted to general habitat types, showed that the 
limitations were not necessarily dependent upon these 
general habitat types, but that these snakes tended to 
remain in a limited region of the area with little ex- 
tensive movement. Determination of the size of the 
area to which they were restricted will be discussed 
later. The figures for restriction of Butler’s Garter 
Snake were influenced by the fact that this species 
yas captured on the north and east portions of the 
area only, and also by its greater restriction to the 
margins of the marsh. More than 90% of this spe- 
cies was captured within 150 feet of the marsh, and 
most of them were much closer. 

As a further check on the effect of habitat on move- 
ment, the northeast quarter of the study area was 
divided into two acre sections, that is, acres Al and 
A2, B1 and B2, Cl and C2, and D1 and D2 (Fig. 1). 
It seems logical that if movement was limited by 
habitat type, then there should be more individuals 
that moved from acres C1-C2 into D1-D2, both grass- 
land, than from C1-C2 into B1-B2, which is the pas- 
ture. Two acre plots were considered small enough 
so that distance would not be expected to act as a 
limitation on movement. 

The results not only showed that the Common Gar- 
ter Snake and Ribbon Snake passed freely from one 
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habitat type to another, but also indicated that there 
may have been some habitat restriction of Butler's 
Garter Snake. Of 46 Common Garter Snakes origi- 
nally captured on C1-C2, twelve moved to D1-D2, 
while eleven moved to the different habitat of B1-B2, 
and three remained in C1-C2. Similarly, of 21 Rib- 
bon Snakes found on acres C1-C2, six moved west 
through similar habitat and five moved east into the 
short grass of the pasture. Only half as many But- 
ler’s Garter Snakes moved into the pasture from 
acres C1-C2 as moved through continuous heavy, 
matted grass to the west. 

To learn how much movement occurred over long 
distances, especially between areas of optimum en- 
vironment, a large number of snakes was marked on 
four nearby areas. Fleming Creek was approximately 
a half mile north of the study area. The area imme- 
diately north of the gravel road to the north of the 
Cherry Hill area was an extensive pasture, with a 
large marsh in its center, reaching to Fleming Creek. 
The region to the east was a continuation of the pas- 
ture habitat of the study area, and was examined up 
to 1000 feet farther east. The southeast peripheral 
area consisted of a pastured woods with two small 
pools in it. This was studied as far as 2000 feet to 
the southeast. Areas to the west and south of the 
Cherry Hill area were studied very little because of 
the human activity in the large gravel pits present 
there. The snakes marked in these several outlying 
places included representatives of all three species 
and all age classes. The search for snakes was made 
in the same manner as on the regular study area ex- 
cept that, as an aid to capture, funnel traps with at- 
tached drift fences were used (Imler 1945, and Dar- 
gan & Stickel 1949). Though little study was made 
of these areas in 1948, during 1949 and 1950 they were 
searched as often as the main study area. For the 
three year period, 1948-1950, 372 individual snakes 
were recorded on the peripheral areas consisting of 
175 Common Garter Snakes, 63 Ribbon Snakes, and 
134 Butler’s Garter Snakes. 

Movement from the study area was very slight. Of 
five snakes recorded as moving away, two males and 
a female were adult Common Garter Snakes and a 
male and a female adult Ribbon Snakes. All five of 
these snakes were originally captured on the eastern 
one-third of the study area, and all moved farther 
across the unchanging habitat of the pasture, which 
may well have been part of their usual range of move- 
ment. Two of the Common Garter Snakes were re- 
captured not more than 30 feet from the border of 
the study area, and none had moved more than 400 
feet from the edge of the area. The probable reason 
for these movements away from the study plot into 
the last peripheral area is that it was the only one 
which represented a continuation of the study area 
habitat. No Butler’s Garter Snakes were recorded 
entering or leaving the study area. Movement onto 
the study area from peripheral regions was noted in 
three instances, two for the Ribbon Snake, and one 
for the Common Garter Snake. The two Ribbon 
Snakes had both originally been captured in their first 
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spring at the margin of a pool in the pastured woods 
to the southeast, appreximately 1500 feet from the 
study area, and both were recaptured 14 months later 
in the eastern end of the Cherry Hill marsh. It may 
be significant that these were young snakes. The 
Common Garter Snake was first captured in a trap 
in the north pasture in the summer of 1950 and was 
recovered from a hibernation den on the northern part 
of the study area in February, 1951. 

The above observations indicate that the population 
of Cherry Hill was little affected by immigration and 
emigration. Probably a tendency of the snakes to 
limit their movement inhibited them from wandering 
extensively. 

This tendeney is clearly shown by examination of 
the movements of recaptured snakes on the study area. 
When the locations of those individuals of the Com- 
mon Garter Snake captured three or more times were 
plotted with straight lines between places of capture, 
92% showed a definite tendency to return in the gen- 
eral direction of the original capture (Figs. 7 and 8). 
This indicated that they did not wander at random, 
for if they did, one would expect many more of these 
movement patterns to extend in one general direction 
with no pattern of return toward a point of former 
capture. The Ribbon Snake showed a similar tend- 
ency to return, though not as strongly as the Common 
Garter Snake. Only four Butler’s Garter Snakes 
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Fic. 7, Patterns of movement by females of the Com- 


mon Garter Snake, each large dot representing a point 
of capture. Figures show activity periods, in days, be- 
tween first and last capture. Small dots indicate num- 
ber of seasons over which records were obtained. 
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were captured three or more times, but they also ex- 
hibited this return (Fig. 9). 

Because all three species, especially the Ribbon 
Snake and Butler’s Garter Snake, showed some re- 
striction to the vicinity of water, the patterns of move- 
ment tended to parallel the margins of the marsh. 
Thus, most of the movements on the north and south 
sides of the marsh were east and west, and those on 
the east and west sides were north and south. 

Numerous factors may influence the movement of 
garter snakes. During the warm days of spring, when 
courtship and mating were at their peaks, many of 
the males observed were very active. On one ocea- 
sion, while data were being recorded for a large fe- 
male Common Garter Snake, a male of this species 
approached over the route the female had been trav- 
eling. Just after this male was captured, another 
male approached in the same manner, apparently 
trailing the female. On September 30, 1948, three 
adult Common Garter Snakes, two males and a female 
were noticed lying together at the mouth of a small 
hole in the ground. Before realizing that they were 


probably courting, I disturbed and captured them. 
After they were marked, the female was released 
down the hole, followed immediately by one of the 
The female quickly came out of another hole 
A moment 


males. 
two feet away and began to crawl north. 
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Fie. 8. Patterns of movement by males of the Com- 
mon Garter Snake, each large dot representing a point 
of capture. Figures show activity periods, in days, be- 
tween first and last capture. Small dots indicate num- 
ber of seasons over which records were obtained. 
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Fic. 9. Patterns of movement by the Ribbon Snake 
and Butler’s Garter Snake, each large dot representing a 
point of capture. Figures show activity periods, in days, 
between first and last capture. Small dots indicate num- 
ber of seasons over which records were obtained. 


later the male began to follow the path taken by the 
female. The female went five feet north, made a 
right angle turn, and continued five feet to a clump of 
grass. The male followed her covering the same route. 
The second male, when released down the first hole, 
came out the other entrance, followed the same path, 
and began to court the female. Males of all three 
species have been observed in the spring actively 
searching and apparently following definite routes. 
Noble (1937) showed experimentally that the male 
Common Garter Snake is able to follow paths of the 
females during estrus. 

The search for mates, hibernating dens, shelter from 
cold and heat, and food probably constitute the major 
movements of snakes. The presence of barriers will 
limit the extent of movement in certain directions. 
Butler’s Garter Snake was never observed in the 
woods and a wooded area would probably act as a 
barrier to this species. This species was not observed 
to cross over the hill rimming the north side of the 
marsh. though it was abundant on the slope next to 
the marsh. Whether the hill itself, or the dryer con- 
dition at the top of the hill, was the limiting factor 


is unknown. Extensive open areas without bodies of 


water would act as barriers to the Ribbon Snake, but 
at present no definite barriers to movement of the 
Common Garter Snake are known. 

The limited movements described above all point 
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to the existence of a restricted area of movement for 
the individual snake, and for that the term “activity 
range” is proposed. The reason for using the term 
“activity range” instead of “home range” for these 
snakes deserves some comment. Burt (1943), who 
was one of the first to use and define home range 
states, “Home range, then, is the area, usually around 
a home site, over which the animal normally travels 
in search of food.” Stickel & Cope (1947), in dis- 
cussing movement and range in snakes, generalize this 
definition thus, “The home range is the area within 
which the individual ordinarily moves about in the 
course of its day to day activities.” Burt applied his 
definition to mammals, but Stickel & Cope probably 
intended their definition to cover any animal. Home 
range, as originally used, referred to animals which 
usually had a home site or nesting site. Though the 
term home range has been used to refer to limited 
ranges in snakes, it does not seem proper, for these 
snakes do not generally have a nest, shelter, or other 
central point around which they carry on their activi- 
ties. The concepts of individual range are still de- 
veloping as more research is undertaken, and it is 
necessary that terms be defined which will accurately 
describe the type of limited range being considered. 
To stretch the definition of home range to cover the 
phenomena shown by all species weakens the original 
use of the term. Those animals with definite home 
sites around which they range should be distinguished 
from species which show a limited range with no cen- 
ter of activity. One may define activity range as the 
area covered by an animal in the course of its day to 
day existence. It may change over periods of time, 
it may be seasonal or have other variations, but it 
differs from a home range in the lack of a definite 
home site or other center of activity. 

The three dimensional activity ranges of these gar- 
ter snakes are directly influenced by habitat prefer- 
ence. Just as any activity range of Butler’s Garter 
Snake is limited by the presence of a body of water, 
so the presence of bushes influences the movements of 
the Ribbon Snake. Because of its great ecologic tol- 
erance, the Common Garter Snake has few habitat 
limitations on its activity range. It is, then, of in- 
terest to compare the size of its activity range with 
that of the other species. 

The maximum distance between any two points of 
capture for any individual Common Garter Snake 
was 984 feet, with a few others approaching this, but 
by far the great majority were 600 feet or less. Some 
of the larger distances are probably exceptional and 
many may be for transients which exhibit no restric- 
tion but are moving through the area. The maximum 
width of any of the movement patterns for the Com- 
mon Garter was 224 feet, with the greater part of 
them being much less. An activity range 900 feet in 
length and 200 feet (4.15 acres) in width is, then, 
about maximum for this species. The average range 
is probably about 600 feet long and 150 feet wide 
(2.07 acres). 

The maximum distance between any two points of 
‘apture on the study area for the Ribbon Snake was 
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912 feet and the greatest width for any movement 
pattern was 160 feet, but the majority of both lengths 
and widths were less than these. These figures were 
similar to those for the Common Garter Snake, and 
the average activity range size probably was about 
the same as for these species. 

For Butler’s Garter Snake, 1000 feet was the maxi- 
mum distance between any two points of capture, the 
maximum width being 56 feet. Though the length of 
the activity range averaged more than in the other 
two species, the shorter width limited the area to less 
than that of the others. Many Butler’s Garter Snakes 
have been found as far as 100 feet from the margin 
of the marsh, which would indicate that perhaps the 
maximum width was too small and that a width of 
100 feet would be more nearly correct. The activity 
range for this species was probably about two acres, 
or approximately the same as that for the other two 
species. 

The activity ranges of the three species, then, were 
considered to be similar in area and from two to 
three acres, but with that of the Butler’s Garter Snake 
more narrow because of habitat limitation. These 
ranges varied in shape, including the vertical aspect, 
with the various limiting factors of the habitat. 

POPULATIONS 

Of all the garter snakes captured at Cherry Hill 
in the entire three year period, 52% (460) were Com- 
mon Garter Snakes, 35% (317) Ribbon Snakes and 
13% (113) Butler’s Garter Snakes. This ratio varied 
for each of the three years, with the greatest number 
of Ribbon Snakes being recorded in 1949 and But- 
ler’s Garter Snake being most abundant in 1950. For 
the Common Garter Snake, 8% were young of the 
year or less than a year old, and in the Ribbon Snake 
7%, in contrast with 14% of the Butler’s Garter 
Snakes. It is possible that some of the indicated 
variation in abundance might be due to differences 
in activity, for it was shown that the Ribbon Snake 
had a shorter annual activity period than the other 
two species, and also that Butler’s Garter Snakes was 
more inactive during the warmer months of the sum- 
mer. The fact that Butler’s Garter Snake prefers a 
habitat in which snakes are more difficult to discover 
may have had some effect on the numbers recorded. 

There have been no accurate methods devised, as 
yet, by which the population size of snakes can be 
caleulated from recapture records in nature. Stu- 
dents of small mammals, with the use of standard 
traps, trapping procedures and time periods have 
approached the problem with fair results. Other 
types of natural populations lend themselves to a di- 
rect estimate from random sampling, which again may 
give close approximations of population size, but a 
natural population of snakes is usually not large 
enough. Perhaps some idea of population size ean 
be gained by use of the “Lincoln Index,” utilized for 
mammals (Green & Evans 1940), and fish (Schu- 
macher & Eschmeyer 1943). In this technique, a 


population estimate is derived from the following 
equation : 
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Number recorded in 1949 
Number marked in 1948 
and recaptured in 1949 


Population in 1948 
Number marked in 1948 


In this computation, the “number recorded in 1949” 
does not include the young of the year. As they were 
born after the 1948 sampling, their inclusion would 
distort the ratio. 

Hayne (1949) proposed a modification of the Lin- 
coln Index method which utilizes the increase in the 
proportion marked at each successive period of study. 
Hayne explained the method in this way. “As mark- 
ing of animals progresses, the proportion of the popu- 
Marking one 
additional animal will cause the proportion marked 


lation which is marked will increase. 


to increase by a certain amount, and this increase is 
inversely proportional to the population number. 
After finding the average amount by which the mark- 
ing of one further animal changes the proportion of 
the population which is marked, it is easy to estimate 
the population. 

In using the Lincoln Index and the Hayne modifi- 
cation of this technique, it is necessary that the fol- 
lowing conditions be present to have valid results. 
There should be little or no movement of individuals 
from or into the study area. Animals marked and 
released must redistribute themselves equally through- 
out the population. Marking a snake must not inter- 
fere with the natural movements of the animal. Mor- 
tality of marked and unmarked individuals should be 


equal, 
How closely does the situation in the garter snake 
population approximate these conditions? Little 


movement from or into the study area was observed. 
As all snakes marked were released immediately at 
the point of capture, there is no reason to believe that 
they did not redistribute themselves in the population 
in such a way that the chance of capturing one was 
equal to that for any other snake. No harmful effects 
were observed in marked snakes. Thus marking 
should not have influenced movement. With the con- 
ditions apparently fairly well satisfied, both the Lin- 
coln Index and the Hayne method were applied to 
the data from Cherry Hill. 

The results obtained by using these two methods 
had apparent discrepancies and it was difficult to de- 
cide which figures were nearer the true picture of 
population size. The fact that the estimated popu- 
lations of Ribbon Snakes were larger than those of 
the Common Garter Snake (Table 4) does not agree 
with direct estimates from observations and capture 
data, which indicated the latter to be more abundant. 
The low counts of Butler’s Garter Snakes, in com- 
parison to the other two species, was in agreement 
with the proportion of this species in the total of all 
garter snakes marked. The extremely high estimate 
for the male Ribbon Snake in 1948 was due to the 
fact that it was based on only one recapture, and is 
no doubt much too great. 

The Lincoln Index can be used to greater advan- 
tage with reference to snakes than for mouse popu- 
lations. There is usually a complete turnover of 
small rodent population each year and therefore the 
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TABLE 4. Population estimates of the garter snakes at 


Cherry Hill. 





Common Butler’s 
Garter Ribbon Garter 
Snake Snake Snake 
LincoLn INDEX 
1948 —mnle... ......2.68. 243 2480 20 
female 291 326 140 
1949 —male eee ore 124 214 138 
ee eee ee 512 278 100 
1948, 1949 Data combined 
male Mek piper 168 445 43 
female 361 310 127 
Combined total 
population. . . rae 529 755 170 
Hayne Metuop 
1948—male............. 162 93 22 
OO Ee ee 144 || 107 47 
1949—male............ 189 442 38 
eee ae 474 493 53 
1950—male....... - 128 196 74 
female 210 191 103 
Average of 1948-5( 
ESE oe ee 160 244 45 
BEDS 2h Nene svace 276 264 68 
Average total 
population 436 508 113 
AVERAGE OF Boto METHODS 482 631 141 


chance of recapture decreases rapidly with the in- 
crease in time between sampling periods. The life 
expectancy of garter snakes is much longer than that 
of small mammals and therefore the chance of reeap- 
ture from one year to the next is much greater. The 
Hayne modification of the above method, developed 
to be used with mouse population studies, had dis- 
advantages when used for studies of snake popula- 
tions. Traps used to catch mice are present on the 
study area continuously and thus will gather more 
data in a short sampling period. When catching 
snakes, one spends only a few minutes on each sample 
area, for example an acre, thus allowing a rather 
small chance of recapturing marked individuals. 
Because of the larger sample obtained for the Com- 
mon Garter Snake, it ean be assumed that the popu- 
lation estimates of this species are the most accurate. 
An average of the results from the two methods for 
the Common Garter Snake is 482 individuals. If the 
ratio of marked snakes on the area indicates the true 
population ratio of the three species, the number of 
Ribbon Snakes would be 324 and of Butler’s Garter 
Snake 121. The figure for the latter species is close 
to the caleulated population size by both the Lincoln 
Index and Hayne methods, but that for the Ribbon 
Snake is much smaller. Because the estimates for 
the Ribbon Snake are larger than those for the Com- 
mon Garter Snake, the ratio expressed above is prob- 
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ably in error for this species due to sampling tech- 
niques, and the population of 324 snakes should be 
larger. The apparently greater tendency to emigra- 
tion and immigration observed in the Ribbon Snake 
may also account for the large estimates. If 324 end 
the average from the two calculated methods are all 


averaged, the result is 477 Ribbon Snakes. This is 
perhaps a fair estimate for this species. Estimates 


for the populations of the three species at the Cherry 
Hill area, then, were 482 Common Garter Snakes, 477 
Ribbon Snakes and 121 Butler’s Garter Snakes. This 
is a total of 927 garter snakes for the combined popu- 
lation. Population size will vary with time of year, 
becoming much larger in the fall with the addition 
of the new born young. 

The garter snakes at Cherry Hill were not dis- 
tributed at random but were generally concentrated 
in their preferred habitats. Any estimate of popu- 
lation density must take this into account. Some 
idea of the variation in density on different parts of 
the study area has already been indicated. 

When the composition of the population of each 
species is examined, the patterns of abundance of 
certain size groups are similar. Adults are by far 
the most abundant (Fig. 10), for these are fairly 
long-lived animals. 
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Fig. 10. Abundance of garter snakes of various body 
lengths at Cherry Hill area, Washtenaw Co., Mich., 1948- 
1950. 


The structure of the population of garter snakes 
varied seasonally at Cherry Hill. Ribbon Snake 
adults emerged about two weeks after the other two 
species and did not reach their peak in numbers until 
May, whereas the Common Garter Snake and Butler’s 
Garter Snake reached their peaks in April. As the 
warm summer weather approached, there was a decline 
in apparent activity in all three species, Butler’s Gar- 
ter Snake being the least active during the summer and 
the Ribbon Snake the most active. With the coming 
of cool weather in the autumn, the latter species be- 
came very searee, in contrast to the other species, 
which increased their activity (Fig. 11). During the 
warm days of November and on warm winter days, 
Common Garter Snakes emerged from hibernation to 
sun themselves, but the other two species did not. 
The only apparent significant difference in the ac- 
tivity of the sexes was during June and July when 


females outnumbered the males. The majority of 
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Fic. 11. Seasonal occurrence of garter snakes at Cherry 
Hill area, Washtenaw Co., Mich., 1948-1950. 


snakes found in any period were of adult size except 
in the late summer and fall, at which times the newly 
born young were as numerous as the adults. 


BREEDING POTENTIAL 

By May, palpatation will indicate the gravid fe- 
males in all three species. From June on, all gravid 
females are easily recognized. For the three month 
period (June through August) over successive years, 
16% of the Common Garter Snakes were 
found to be gravid as compared to 22% of the female 

tan] 
Ribbon Snakes and of female Butler’s Garter 
Snakes. A comparison of the proportion of adult 
females which were gravid shows a surprising simi- 
an] ? 

larity for the three species, i.e., 65, 65, and 67% 


_ 


female 


1% 


respectively. 

The average litter size for 20 females of the Com- 
mon Garter Snake of various sizes, from many sources 
in Michigan, held in captivity for different lengths 
of time, and born between late July and mid-Septem- 
ber, was 18 young (1 female to 1.08 males). The 
litter size averaged 10 young (1 female to 1 male) for 
5 females of the Ribbon Snake and 11 voung (1 fe- 
male to 1.11 males) for four females of Butler’s Gar- 
ter Snake. These litter sizes are close to those de- 
termined by averaging litter sizes from various sources 
in the literature (22 for the Common Garter Snake, 
10 for the Ribbon Snake and 9 for Butler’s Garter 
Snake). Since the population of the females, the 
percentage which were gravid, and the average litter 
size was known, it was possible to get an estimate of 
the breeding potential for each of the three species 
on the study area. The caleulated annual figures are 
1,388 young for the Common Garter Snake, 1,049 
young for the Ribbon Snake, and 93 for Butler’s 
Garter Snake. 

A female of both the Common Garter Snake and 
the Ribbon Snake was found to contain embryos for 
Blanchard & Blanchard (1942) 
record a female Common Garter Snake, kept under 
semi-natural conditions, which produced litters for 
It is possible that most of the 
adult females which were not gravid had not met with 
males, 


two succeeding years. 


SIX successive years. 


MORTALITY AND PREDATION 
The summer snake population of the Cherry Hill 
At this 


area more than doubled by late September. 
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snakes made up more than half of the 
The following spring the ratio of new 
to adults found in the population had 
decreased. This suggests a relatively high winter 
mortality among the young snakes. There 
evidence to show that this actually occurred; evidence 
records indicated only that these small 
snakes were a minor part of the population. The 
majority of Common Garter Snakes in the popula- 
tion (Fig. 10) at Cherry Hill were adult size (be- 
tween 40 and 60 em. in body length). If half of the 
voung survived into their first year, one might assume 
that juveniles would outnumber the adult group. 

The ratio of yearlings to adults in the spring for 
Butler’s Garter Snake and the Ribbon Snake indi- 
cated that the winter kill of young was not as great 
proportionately as for the Common Garter Snake. 
This probably resulted from the more restricted ac- 
tivity of these two species, whereas young of the 
Common Garter Snake scatter much wider 
variety of habitats, especially into the open where they 
may not have protective cover. The young of But- 
ler’s Garter Snake are found in thick vegetation, and 
young Ribbon Snakes near marsh margins and _ be- 
neath bushes. 

The extremely large individuals of all species were 
relatively few, the bulk or the population falling into 
the middle size Although it has been shown 
that the growth rate declines as the snake became 
older (Carpenter 1952a), growth appeared to be con- 
tinuous. There was an abrupt drop in numbers be- 
tween the two largest size groups. The majority of 
the population of each species falls into a sub-maxi- 
mal size range (body lengths: 40-60 em. for Butler’s 
Garter Snake), above which few individuals are found 
(Fig. 10). This suggests that senility may be re- 
sponsible for the elimination of many large snakes or 
that they are preyed upon to a greater extent because 
of larger size and thus greater visibility to many 
predators. The Blanchards (1942) list a female Com- 
mon Garter Snake of very large size which stopped 
producing young, probably because of sterility, which 
may be an indication of senility. 

The remains of all three species were found from 
Of those identified, 


time young 
individuals. 
born snakes 


was no 


from spring 


Ss 


over 


a 


ranges. 


time to time in the study area. 


twelve were Common Garter Snakes, four Butler’s 
Garter Snakes and two Ribbon Snakes, while six 
were unidentifiable. Many were skeletal remnants 


and the cause of death could not be determined, but 
for others evidence of predation was present. Two 
specimens showed evidence of having been pecked by 
a large bird, possibly a pheasant, while others sug- 
gested human destruction. Both skeletons and partly 
eaten bodies of garter snakes were found in and near 
the entrances of the burrowing crayfish (Cambarus 
diogenes). Sinee Common Garter Snakes hibernate 
in these holes (Carpenter 1952b), it is possible that 
they were killed and partly devoured by this crayfish. 
Skeletons were twice found within inches of the open- 
ing of these burrows, and two other partly eaten 
snakes were actually within the entrances. Perhaps 
they died of other causes and were then eaten. A 
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hibernating snake would be easy prey for any sub- 
terranean flesh-eating animal. 

Many vertebrates which are known to eat snakes 
were found at Cherry Hill. The Opossum, Raccoon, 
Red Fox, Mink, and Striped Skunk, all present on 
the area, were listed by Dearborn (1932) as snake 
predators. Many birds listed as snake predators were 
present in the study area. The Blue Racer (Coluber 
constrictor flaviventris) and Milk Snake (Lam propel- 
tis t. triangulum) eat other snakes, but only one speci- 
men of each of these snakes was observed on the area. 
Large Green Frogs and Leopard Frogs, which were 
abundant on the area, eat small 
snakes. Snakes found in the marsh showed 
tions of being attacked by turtles. 

Evidence for winter kill was gathered when an ant 
mound, used as a hibernaculum, was excavated in 
February, 1951. At the top of this mound one small 
Ribbon Snake was frozen in the soil, and in the deeper 
tunnels two small individuals of the Common Water 
Snake (Natrix s. sipedon) and three small Common 
Garter Snakes were found dead, probably killed by 
the severe winter conditions. 

Approximately half of all the garter snakes ob- 
served at Cherry Hill bore sears or other evidence of 
injury. A few unhealed injuries were so severe that 
the snake could not possibly have survived, even 
though their recuperative ability is great as evidenced 
by some of the scars present. A common mishap to 
these snakes was the loss of part or even all of the 
tail. The tail of the Ribbon Snake is readily broken. 
Undoubtedly the numerous predators combined with 
winter conditions and accidental killings accounted for 
the disappearance of many snakes. 


were observed to 
indiea- 


DISCUSSION 

Any factor which tends to separate, or lessen com- 
petition between closely associated kinds of animals 
is important to the survival of each one within its 
habitat niche. Both food and habitat preferences 
differ between the three species of garter snakes at 
the study area. Although the Common Garter Snake 
eats food utilized by the other species, there are dif- 
ferences within the species themselves which decrease 
competition. Even though food preferences are simi- 
lar, the choice of habitat may differ, thus decreasing 
dietary competition. Species competition for a com- 
mon food will be lessened if one species is restricted 
to this particular food and the other exercises a wide 
choice of food items. Amadon (1950) found that dif- 
ferences in food habits were important in lessening 
competition between co-existing species of the Ha- 
walian honeyereepers. 

Whether the habitat preference or the food pref- 
erence is the more important factor determining the 


presence of a species in an area is difficult to decide. 
In periods of scant food, there are indications that 
snakes may remain in the same habitat and do not 
wander to other types of habitats in search of food. 
When a hebitat changes snakes may make no attempt 
to seek a new environment. 


The fact that snakes are 
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able to survive for considerable lengths of time with- 
out food, if relatively inactive, enables them to endure 
rather long periods of food scarcity without change in 
habitat. Snakes may be limited to a particular habi- 
tat because this is the only place where the proper 
food is available. The prey also be limited to 
this same habitat by its own physical requirements, 


may 


In considering the availability of potential prey as 
food in a certain habitat, it appears that at least three 
conditions must be met if this prey is to be utilized 
The size of the prey must be such that the 
predator can take it. A small Ribbon Snake is able 
to eat only small amphibians, and if only large am- 


as food. 


phibians are present, it would find no available food, 
assuming amphibians are the only source of food. 
Second, the prey species must be available to the 
predator. A Hyla 20 feet above ground is unayail- 
able and a deeply buried earthworm is not a 
Finally, the prey species must exist in 


souree 
of food. 
sufficient quantity to meet the minimum requirements 
of the predator. 

The prey species may vary in its availability at 
different seasons or under a variety of physical con- 
ditions. Data for the Ribbon Snake indicate that a 
large part of their food is metamorphosing amphib- 
ians. Certainly are 
readily available at the margins of ponds and are also 
more concentrated at the peaks of transformation. 
Once they have transformed and the majority of 
them have dispersed to their respective habitats, their 
In wet 


these metamorphosing forms 


availability to this snake declines greatly. 
weather, frogs are more active and thus more avail- 
A bird or mammal at its nest is more easily 
captured than elsewhere. The majority of fish and 
tadpoles these snakes ‘captured 
when they were stranded and very accessible. Perhaps 


able. 


~aten by have been 
these snakes are dependent upon conditions as men- 
tioned for much of their seasonal food. 

In any hab‘tat, there is a maximum number of in- 
dividuals of a species which the area can support. 
Population size may be determined by territorial 
claims in many vertebrates or by available nesting 
sites in others. An important limiting factor to popu- 
lation size may be the amount of available food. Any 
habitat produces only certain types and amounts of 
available food and thus food availability is limited by 
habitat. To say that food availability is the only 
limiting factor is not true, for many animals do not 
occupy habitats in which they would have an avail- 
able food supply. An example of this is exhibited 
by Butler’s Garter Snake. This snake feeds upon 
many species of earthworms, yet it is not found in 
wooded areas where earthworms are plentiful. There 
must be other factors, perhaps inherited behavior pat- 
terns, which determine the habitat to be oceupied by 
a species. Lack (1933) believed that psychological 
factors play an important part in determining habitat 
niches of birds. But within this habitat, a limiting 
factor to population size is available food. The chance 
of any one snake obtaining food is often dependent 
on the abundance of the prey animals in the area 
which it searches. As long as the food supply remains 
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adequate, a large population can be maintained, pro- 
vided other limiting factors such as mortality and 
predation are not considered. Should the amount of 
food decrease, then each snake has less chance of find- 
ing food. When this happens, it is probable that 
many snakes do not find sufficient food to satisfy 
Some may starve or become weakened 
The 
lack of sufficient food may also decrease the produe 
tivity of adult snakes and thus directly affect the spe- 


their needs. 
and more accessible to predators and diseases, 


cies’ breeding potential and consequently, population 
size. This manner of population reduetion is | prob- 
ably a natural way for a species to maintain a bal- 
ance with its food supply. 
cies which have been thoroughly studied, population 


In most vertebrate spe- 


fluctuations, some great and some small, have been 
shown to exist. This is probably true in garter snake 
populations over long periods of time. 

Other factors which would affect population. size, 
besides winter kill and predation, are changes in the 
habitat itself. The size and pattern of vegetation 
types at the study area were noticed to have changed 
somewhat over the three year study period, though 
this did not affect the snake populations. Over longer 
periods of time, the grassy habitats will likely become 
covered with trees and the marsh will fill in, which 
will directly influence both the snakes and their avail- 
able food supply. The three species would be influ- 
enced unequally, each responding to its own require- 
ments in habitat and food. 

Although habitat preference and food preference 
act as limiting factors in the life history of a snake, 
neither one functions without the other. Given the 
proper food, a snake ean survive under conditions 
considerably different from its preferred habitat (i.e., 
a laboratory eage). The habitat, it seems then, has 
its primary importance in producing necessary cover 
for the snake to escape physical conditions which it 
tolerate. The available food in 
areas surrounding the geographie range of a species 
of snake limits the extension of its range and_ be- 
comes an important factor in limiting species dis- 


cannot absence of 


persal. 

The rate and extent of movement of a garter snake 
are influenced directly by the habitat. Butler’s Gar- 
ter Snake does not lack the physical ability to tra- 
verse wooded areas; therefore, the restricting element 
is perhaps instinetive within its behavior pattern. 
Even when favorable habitat is present, snakes do not 
extend their movements as far as would be possible. 
The activity range exhibited by the three species of 
garter snakes is evidence that individuals do not ex- 
tend their movements over all the available habitat, 
but limit themselves to a small part of it. The in- 
fluence that habitat exerts upon an activity range is 
related to the pattern of biotic and physical features 
At the study area, most snake 
marsh, c¢aus- 
and narrow. 


of the environment. 
movements followed the margins of the 
ing the activity ranges to be very long 
The presence of numerous bushes or burrows in an 
environment enables the snake to travel up or down. 
The influence of the activity ranges exhibited by 
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these garter snakes upon range extension of the spe- 
cies as a whole is important. If a snake exists within 
a suitable habitat and has the necessary food avail- 
able, the chances that it will leave its activity range 
3ut should the food supply be cut be- 
required, or should the habitat 


are lessened. 
low the 
change in such a manner as to become intolerable, 


minimum 


then it is necessary for this snake to leave its activity 
range and if itis 
Perhaps the two juvenile Ribbon Snakes moved onto 


seek a new location to survive. 
the study area from the southeast for this reason, as 
the ponds there became very low during that season. 
This type of reaction would be an important step in 
It is indeed possible that 
many of the extensions of ranges of animal species 


species range extension, 


result from adverse environmental conditions foreing 
them to extend the suitable 
habitat. 

The Common Garter Snake has the widest habitat 
preference, while Butler’s Garter Snake and the Rib- 
bon Snake both have rather narrow habitat prefer- 
ences, and this corresponds to their distribution at 
Cherry Hill. As habitat affects distribution of ani- 
mals, so does it influence their abundance at any given 


move rather than to 


location. 

The fact that these three species of garter snakes 
can exist closely associated in the same area brings 
up the question of how they have come together in 
this habitat. Ruthven (1908) divided the 
Thamnophis into four groups on the basis of seale 


genus 


and color pattern differences and also traced the lines 
of development of these groups. The species in the 
present study represent three of these four different 
groups. 

3utler’s Garter Snake is generally thought to have 
evolved from the Plains Garter Snake (Thamnophis 
radix), which is found in the prairie and plains re- 
gions of the mid-west. The latter species preference 
for open grassy areas is carried on into its closest 
relative in the east, Butler’s Garter Snake. Schmidt 
(1938) postulates that “Thamnophis butleri might 
represent the 7. 
present contact of radix and butleri being of post- 
Wisconsin date.” Its present distribution within the 
post-glacial steppe of North America, as well as its 


radix of some interglacial stage, the 


preferred local habitat in forested regions, i.e., the 
dense grass, appear to support Schmidt’s hypothesis. 

Davis (1932) has deseribed a disjunct population 
of Butler’s Garter Snake in Wisconsin which is sepa- 
rated from the main body of the species by north- 
eastern Illinois and northern Indiana. Davis postu- 
lated that they were formerly found in this region 
and suggested that the Plains Garter Snake “must 
The eco- 
logical relationships between these two species are 
essentially the same as those described in this paper 
as existing between Butler’s Garter Snake and the 
Common Garter Snake. The Plains Garter Snake, 
though predominantly an earthworm feeder, also eats 
a great variety of other foods and is not necessarily 
In these and other 


have crowded” this species out of the area. 


limited to the proximity of water. 


respects its is very similar to the Common Garter 
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Snake. There is no evidence to show that the Com- 
mon Garter Snake “crowds out” Butler’s Garter 
Snake, rather, the data indicated that differences in 
food habits lessened competition, as did differences 
in habitat preferences. There was no evidence to 
intolerance or aggression existed between 
In its preferred habitat, Butler’s Gar- 
ter Snake outnumbered the Common Garter Snake 
(Fleming Creek area). As this true, it 
probable that Butler’s Garter Snake now has a dis- 
junct range because of the destruction of much of 
its preferred habitat due to human activities in north- 
eastern Illinois and northern Indiana, which are 
highly industrialized and densely populated. Per- 
haps many of the habitats in this area which now 
seem suitable have been destroyed in the past. Be- 
cause of the limited movement indicated for Butler’s 
Garter Snake, re-invasion would necessitate a 
long period of time. Much of this area is composed 
of sand dunes and sandy soil which limit the earth- 
worm supply as food for this form. As it lives in 
southern Michigan in large populations of the Com- 
mon Garter Snake, it should be able to exist in close 
association with the Plains Garter Snake. 

The Ribbon Snake is endemic to the forested, or 
once forested, areas of eastern North America. These 
regions offer suitable habitats of water bodies sur- 
rounded by bushy habitats. Both of the other sub- 
species of this species (Carr 1940; Schmidt & Davis 
1941; Pope 1947), are found in association with water 
and bushes. Kendeigh (1945) found that the density 
and arrangement of the vegetation determined the 
nesting activity of certain warblers, while Hairston 
(1949) has shown that different species of the sala- 
mander genus Plethodon vary in the degree of re- 
striction to bodies of water. The subspecies endemic 
to the plains areas of the midwest is found along bush- 
bordered streams and not out on the open grasslands. 
The group to which the Ribbon Snakes belong has 
probably developed in habitats near water but in 
regions of forests or shrubs. Thus, the Ribbon Snake 
represents a woodland or shrubland stock and Butler’s 
Garter Snake a grassland stock, this habitat prefer- 
ence still being maintained. 

The range of the species Thamnophis sirtalis in- 
cludes, and is more extensive than, the ranges of the 
other two species. This geographic relationship is 
similar to the local distribution found at the Cherry 
Hill area, where Butler’s Garter Snake and the Rib- 
bon Snake show habitat restrictions but the Common 
Garter Snake occupies the habitats of these two spe- 
cies and extends into many others, seeming having 
no restrictions. The Common Garter Snake and the 
other members of the generic subdivision to which it 
belongs (Ruthven 1908), have the greatest distribu- 
tion of any of the four groups in North America. 
The three species living in close association at the 
Cherry Hill area, then, represent three different evo- 
lutionary lines of development, one grassland, one 
woodland or shrubland, and the other a very adaptive 
form occupying a great variety of habitats. They 
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habitat and are here partly separated by their habitat 
niche preferences. This agrees with the observations 
of Fitch (1940) who found that where the geographie 
ranges of western garter snakes of the ordinoides 
artenkreis overlapped, ecologic differences between 
the snakes involved could be shown. 


SUMMARY AND CONCLUSIONS 

An intensive study of 2,061 field records involving 
1,609 individuals of the Common Garter Snake 
(Thamnophis sirtalis), Ribbon Snake (Thamnophis 
sauritus) and Butler’s Garter Snake (Thamnophis 
butleri) was conducted on a large mixed population 
near Ann Arbor, Michigan. Snakes captured in the 
field were marked, measured, and released immediately 
at the point of capture, and extensive data on their 
food, habitat, and movements on the area recorded. 

Food obtained by forced regurgitation from snakes 
in the field shows differences in the feeding habits. 
3utler’s Garter Snake feeds almost ent'rely upon 
earthworms with leeches being the only other identi- 


fiable food record. Amphibians form 90% of the 
food of the Ribbon Snake, although fish and caterpil- 
lars were also taken. The Common Garter Snake 


eats 80% carthworms, 15% amphibians, and eats a 
few mammals, birds, fish, caterpillars, and leeches in 
addition. 

Differences in the selection of size and types of 
prey decrease the competition for food between the 
three species and between small and large individuals 
of the Common Garter Snake and Ribbon Snake. The 
food taken by a snake varies with season and avail- 
ability of the prey. Garter snakes do not feed ex- 
tensively when they first emerge from hibernation, 
but they reach their feeding peak in early summer 
and it continues until cool weather in the fall. The 
food records indicate that garter snakes have little 
individual food preference but that within the range 
of the food preference of the species they will take 
any type available. The fish, birds and mammals 
saten by the Common Garter Snake were those which 
were abundant and readily available. 

Laboratory feeding experiments generally confirmed 
the field records with a few exceptions. Butler’s Gar- 
ter Snake will eat fish and amphibians in the labora- 
tory, yet none were recorded from this snake in the 
field. Some forms, such mice and caterpillars, 
eaten in the field were not taken in the laboratory by 
the Common Garter Snake. 

In spring and fall the three species occur together 
in high concentrations near hibernation sites. In 
summer, they show differences in habitat preference, 
Butler’s Garter Snake being most abundant in dense 
grasses and sedges near water, whereas the Ribbon 
Snake prefers areas with bushes near a body of water. 
In the grassy area near water and out in the water, 
the Ribbon Snake shows a restriction to bushes while 
Butler’s Garter Snake is seldom found in them. The 
Common Garter Snake occupies the habitats of the 
other two species, as well as a variety of others, and 
shows less restriction to the vicinity of water. But- 
ler’s Garter Snake was the only species not observed 
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in woods. The Ribbon Snake is the most frequent 
cdimber, and during July and August, 61% of all 
This climb- 
ing tendency may be an escape from high ground 
temperatures. Observations at other places verified 
the results found at Cherry Hill. The habitat pref- 
erences show definite correlation with the food pref- 


records of this species were from bushes. 


erences of each species. 

Movements of garter snakes were shown to be lim- 
ited, and the term “activity range” 
replace “home range” in reference to limited move- 
ment by snakes. Individuals recaptured over long 
periods averaged only slightly farther from the point 
of original capture than those recaptured after a 
short interval. Recaptures indicated a general re- 
striction to one part of the area for individuals cap- 
tured three or more times. Ninety-two percent tended 
to return toward the point of original capture. The 
activity range of between two and three acres was in- 
fluenced by the habitat preference of the species and 
was shown to be three dimensional. Extensive mark- 
ing of snakes in peripheral populations of the three 


is proposed to 


species indicated very little movement to or from the 
Cherry Hill area. 

Populations of the three species on the 48 acre 
Cherry Hill area were estimated to be 482 Common 
Garter Snakes, 477 Ribbon Snakes and 121 Butler’s 
Garter Snakes. Densities of the three species varied 
with the habitat type. 

The breeding potential varied between the three 
species, that for the Common Garter Snake being the 
largest and for Butler’s Garter Snake the smallest. 
Though closely associated at Cherry Hill the snakes 
showed no indications of any intolerance; rather, the 
young, at least, of all three species hibernate together. 
The mortality rate was estimated to be approximately 
equal for the three kinds. 

Analyses of the data for the three species of garter 
snakes indicate a reduction in competition for food 
and space and help to explain why they are able to 
exist closely associated in large numbers at Cherry 


Hill. 
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INTRODUCTION 


With the development of many potent chemicals in 
the years since World War II there has been a dra- 
matic inerease in the large seale chemical control of 
insects and plant diseases. Scientists were quick to 
caution that the widespread application of toxicants 
of unknown toxicity to most forms of life might well 
bring about undesirable mortality or even disruption 
of ecological balances between populations (Cottam 
& Higgins 1946; Storer 1946). 

The present study was undertaken from Septem- 
ber 1950 to November 1951 to determine the effects of 
the agricultural use of two insecticides, DDT and 
Parathion, on populations of Wood Mice (Peromyscus 
leucopus) living in the wooded areas adjacent to the 
crop lands. Although a considerable body of data 
exists relating to the effects of the newer insecticides 
(especially DDT) on animal life, there are only a 
few brief studies concerned with their effects on 
mammals. There are no field studies dealing with 
the effects of Parathion, a recently commercialized 
insecticide, on vertebrates. Furthermore, no investi- 
gations have been reported concerning the relation 
of vegetable crop insecticide practices, where treat- 
ments are more frequent and dosage rates consider- 
ably larger than those generally used in mosquito or 
forest insect control, to associated vertebrate popu- 
lations. 

The Wood Mouse, because it was the most fre- 
quently trapped mammal in the wooded areas ad- 
jacent to the crop lands, was chosen as the experi- 
mental animal. The common names used for species 
of the genus Peromyscus follow the suggestions of 
Dice (1937a). Thus White-footed Mouse is the gen- 
erie name and Wood Mouse is the name of the present 
species, P, leucopus. 

Field applications of insecticide may affect animals 
im many ways. The animal may take the insecticide 
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directly into its body by inhalation of the particles 
during the time of application or may ingest, during 
grooming, the particles which settle on its fur either 
directly or as it brushes against coated vegetation. 
Ingestion of the toxicant may also occur in the eating 
of coated vegetation or of insecticide-killed animals 
or the drinking of contaminated water. <A large dose 
may kill the animal or produce so weakened a condi- 
tion that it is readily captured by predators. The 
insecticide may be stored in the body and_ poss'ble 
deleterious action be delayed. In the case of mam- 
mals, it may be passed through the placenta or in the 
milk and affect the voung at some stage in their de- 
velopment, or it may affect reproduction in some 
other way. In addition, some of the resultant mor- 
talities among invertebrates may be large enough to 
affect the food supples and thus change levels of 
inter- and intra-specific competition or predation. 
This study has been made possible by the generous 
cooperation of many people. From the initiation to 
the conclusion of this project, the able counsel of Dr. 
David E. Davis has been most appreciated. The sug- 
gestions of Dr. and Mrs. Stickel of the Patuxent Re- 
search Refuge and of Mr. C. W. Kruse have been of 
great help. Dr. C. W. Thornthwaite generously made 
the facilities of the Laboratory of Climatology avail- 
able. I am also grateful to the various members of 
the Laboratory Staff and to Mr. Louis Abram, Mr. 
Edward Taubert, and their assistants of the Seabrook 
Farms for their aid and cooperation. This research 
has been assisted by funds from the Rockefeller 
Foundation and Seabrook Farming Corporation. 
Hoffmann & Linduska (1949) have summarized in 
eveneral terms the effects of DDT on various forms of 
wildlife, and only that portion of the voluminous 
literature relating to the effects of insecticides on 
mammals will be reviewed here. Some of the earliest 
studies dealing with the relation of insecticides to 
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mammals were done in connection with mosquito con- 
trol programs. Couch (1946) reported treatment of 
Mississippi River bottom woodland in Illinois at rates 
of 0.2 and 0.5 pounds of DDT per acre. Though the 
crayfish population was nearly eliminated, this change 
in the available food seemed to have no effect on the 
raccoons other than to foree them to change their 
feeding habits. No adverse effect was likewise noted 
for various rodents and lagomorphs. Similarly, the 
treatment of a Delaware Marsh with 0.1 and 0.2 
pounds of DDT per acre did not adversely affect the 
muskrats feeding on the treated vegetation (Stearns, 
et al. 1947). In extensive mosquito larviciding with 
DDT at 0.1 pounds per acre at the Savannah Rive~ 
Refuge, South Carolina, the Cotton Rat (Sigmodon 
hispidus) was extensively trapped on sprayed areas, 
and no change as a result of the insecticide could be 
detected. Moreover, rabbits and raccoons were ob- 
served by automobile transects and, likewise, showed 
no population changes related to the treatment 
(Erickson 1947; Tarzwell 1948). 

In a tick control program in Texas where DDT 
dusts were applied at the rate of 4.4 pounds per acre, 
George & Stickel (1949) through live-trapping and 
observation found the raccoons, armadillos, striped 
skunks, and rabbits unaffected by the insecticide. In 
another tick control program areas on Bull’s Island, 
South Carolina, were sprayed with 3 pounds of DDT 
per acre, and no adverse effects on the mammal popu- 
lation, which ineluded the Cotton Mouse (Peromyscus 
gossypinus), were noted (Goodrum, et al. 1949). In 
New Jersey, up to 3 pounds of DDT were applied to 
individual trees for the control of Dutch elm disease, 
and some mortality among Grey Squirrels (Sciurus 
carolinensis) and Red Bats (Lasiurus borealis) was 
observed (Benton 1951). 

Adams et al. (1949) reported that extensive forest 
areas in Idaho and Wyoming were sprayed twice with 
DDT to control forest insect pests. In areas treated 
with 5 pounds of DDT per acre, the small mammals, 
including the Deer Mouse (Peromyscus maniculatus 
artemiesiae), were observed by both field observations 
and trapping; and no population changes could be 
correlated with insecticide applications. In areas 
treated at a rate of 7.5 pounds per acre, there were 
likewise no population decreases; but a few chipmunks 
(Eutamias ruficaudus simulans) and a shrew (Sorex 
palustris navigator) showed what appeared to be 
DDT tremors. In connection with Spruce Budworm 
control in Ontario, Canada, the trapping of small 
mammals was inconclusive because of small numbers 
(Speirs 1949), but Mackie (1949) sprayed various 
small mammals, ineluding the Deer Mouse (Peromys- 
cus maniculatus), in the laboratory at rates up to 20 
pounds of DDT per acre. Only at rates of 16 and 20 
pounds to the acre were there any adverse effects. 
In Maryland bottom-land woods where an area was 
sprayed annually for five years at a rate of 2 pounds 
of DDT per acre, Stickel (1951) observed no changes 
in Wood Mouse (Peromyscus leucopus) populations 
related to the treatment. 
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Stupy AREA 

The Johns Hopkins University, through its Isaiah 
Bowman School of Geography, maintains jointly with 
the Seabrook Farming Corporation a Laboratory of 
Climatology at Seabrook, New Jersey. This labo ‘a- 
tory served as headquarters and the various company 
farmlands served as reference and experimental areas 
during the two seasons of work. 

Seabrook Farms, located in southern New Jersey 
near Bridgeton, is the producer of a large variety of 
frozen vegetable products. The company farms on 
which vegetables for processing are grown consist of 
about 14,000 acres of cultivatable land interspersed 
with a considerable number of oak woods, ravines, 
and river bottom woods. The area covered by the 
farms is located entirely within the rather flat New 
Jersey coastal plain underlain with unconsolidated 
sands, gravels, and clays of tertiary and quaternary 
deposition (Kiimmel 1940). The soil, generally light 
and well drained, varies from sand to silt loam in the 
Sassafras, Woodstown, and Collington types with 
most of the fields lving in areas of Sassafras sandy 
loam. 

As a part of the intensive farming operations which 
include two crops each season on most fields, an in- 
secticide program which puts two or more applica- 
tions on almost every crop is maintained. Parathion 
and DDT are the principal insecticides used to con- 
trol insect pests on peas; green, wax, and lima beans; 
squash; spinach; and broccoli. Application is made 
almost entirely by Stearman biplanes modified for 
dusting. Dusts, 44% and 1% Parathion (GLF 3422) 
and 5% DDT (GLF X5), produced by the GLF Co- 
operative are put out at rates of 35 to 45 pounds 
per acre by planes flying 8 to 15 feet above the ground 
and laying a swath 30’-40’ in width. This rate is 
equivalent to 0.35 to 0.45 and 1.75 to 2.25 pounds 
per acre of actual insecticide of Parathion (for 1% 
dust) and DDT, respectively. 

SPECIES OF SMALL MAMMALS 

An early description of the small mammal popu- 
lation of New Jersey by Rhoads (1903) and a revi- 
sion of the genus Peromyscus by Osgood (1909) in- 
dicated the Wood Mouse in southern New Jersey to 
be Peromyscus leucopus noveboracensis. Until the 
advent of the Prairie Deer Mouse (Peromyscus manic- 
ulatus bairdi) on the eastern seaboard (Stickel 1951), 
there was no need to be concerned with any other 
species. Comparison of the data from mice caught in 
1950 with the frequency distributions presented by 
Stickel indicated that this study dealt with leucopus 
populations. Subsequently, Dr. Stickel of the Pa- 
tuxent Research Refuge, Laurel, Maryland, has, on 
the basis of representative skins, reaffirmed the earlier 
determinations. 

In addition to the Wood Mouse, a considerable num- 
ber of other small mammal species inhabit the woods 
and fence rows of this area. During the trapping 
period from April 1950 to November 1951, over 2,000 
small mammals and many frogs, turtles, birds, and 
slugs were caught during about 25,000 trap nights. 
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Although the Wood Mouse was the only species caught 
in sufficient numbers to justify extensive analysis, 
the following species were caught in varying numbers: 
Masked Shrew (Sorex cinereus), Short-tailed Shrew 
(Blarina brevicauda), Flying Squirrel (Glaucomys 
rolans), Red-backed Vole (Clethrionomys gapperi), 
Field Mouse (Microtus pennsylvanicus), Pine Mouse 
Pitymys pinetorum, House Mouse (Mus musculus), 
Norway Rat (Rattus norvegicus). 

The Division of Vertebrate Ecology of The Johns 
Hopkins University in cooperation with the Labora- 
torv of Climatology and Seabrook Farms has estab- 
lished a long-term research project to determine the 
effects on mouse population of sprinkling industrial 
effuent in an oak woods (Davis, Brown & Jackson 
1951). During September of both 1950 and 1951, 
extensive small mammal trapping and _ vegetation 
studies were made in this area by members of the 
Division. Since as yet it has not been possible to 
demonstrate any effect of this effluent treatment on 
the small mammal populations, data from this project 
are grouped with the data from the present study for 
some analyses. Likewise, some of the data on vege- 
tation of non-treated areas are used here, since they 
are representative of the vegetation of the general 
Seabrook area. In further discussions, this area will 
be referred to as the Spray Woods Area. 


GENERAL METHODS 
MEASUREMENT OF POPULATION 

Many methods are available for the measurement 
of animal populations (Dice 1941). With the excep- 
tion of some populations of large mammals which 
can be counted with the aid of airplanes, it is rarely 
possible to obtain an absolute count of an extensive 
population. Instead, the use of sampling techniques, 
signs, and indices must be relied upon to gain a meas- 
ure of population size or change. 

In relatively small areas where almost all of the 
resident animals can be caught over a period of time, 
the population density can be determined if an ad- 
justment is made for the trapped individuals which 
range both inside and outside the trapped are: 
(Stickel 1946a; MacLulich 1951). By recapturing 
previously marked animals, more extensive popula- 
tions can be estimated from the ratio of marked to 
unmarked animals in the catch by the Jackson-Peter- 
son recapture ratio method (Jackson 1939). Popu- 
lation estimates, based on rates of capture, may also 
he made (Delury 1947; Hayne 1949). Signs such as 
houses, holes, or fecal pellets may be counted and the 
population estimated from these (Emlen, Stokes & 
Davis 1949). 

Methods for counting or estimating the actual popu- 
lation density are time-consuming and_ labor‘ous. 
Often assumptions which restriet the usefulness of 
the methods must be made concerning trappability, 
hirth and mortality rates, movements and distribution 
of the animals. However, when it is not necessary 
to know the actual population density but only to 
have a measure of the magnitude of population 
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changes or differences, an index, or count of indi- 
viduals or signs per unit of time or area, may be used. 
Hamilton (1937), for instance, compared Field Mouse 
(Microtus pennsylvanicus) populations by counting 
the number of fecal pellets found in unit areas. An 
index is more quickly determined and is limited by 
fewer assumptions than the actual population esti- 
mates. 

A population index of mice caught per trap night 
was selected for this study, since the principal need 
was to obtain a measure of the differences between 
populations. Although the knowledge of the actual 
population density would have been useful, only a 
small number of areas could have been investigated 
in contrast to the 150 areas actually trapped. Cer- 
tain assumptions must be made when using this 
method to compare data from different trapping pe- 
Bait acceptability and attractability may vary 
with the availability of natural foods. Since limited 
observations of caged Wood Mice indicate that they 
eat almost any proffered food, bait effectiveness has 
been assumed to vary little during the period of 
trapping. 


riods. 


Various meteorological factors may affect the noe- 
turnal movements of the mice and thus the trap sue- 
In Section II it is shown that variations 
in several of these factors—night light, air mass type, 


cess ratio. 


barometric pressure, minimum temperature—were not 
correlated with variations in trap success. On the 
basis of these, it has been assumed that trap success 
data from different trapping periods are roughly 
comparable. 

When the trap line is used as a measure of small 
mammal populations, it will over-estimate popula- 
tions living in the poorer habitats because of the 
greater home range of these mice and the consequent 
greater exposure to traps (Stickel 1948). Thus, when 
significant differences were found between popula- 
tions occurring in diverse habitats, the differences 
were actually of greater significance than they ap- 
peared to be. 

However, when data from trap lines, placed simul- 
taneously in insecticide-treated areas and reference 
areas, were compared, none of these various factors 
needed to be considered; for the only element not 
common to both areas was the insecticide treatment. 
In this way the effects of the insecticide could be 
evaluated without regard to the various environmental 
variables. 

Reference areas were selected for their similarity 
to the experimental areas. In the spring of 1950 
hefore the initiation of extensive trapping, the wooded 
field borders and the brushy fence rows were eare- 
fully examined. They were classified on the basis of 
the vegetation and the density of the plant cover. 
The woods themselves were checked as to the tree 
association and maturity and the general character 
of the ground cover. 

During the summer as fields with wooded borders 
were treated with insecticide, a field with a border 
comparable both in vegetation density and in woods 
tvpe was selected as the reference field. To minimize 
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possible regional differences, the two areas were close 
together, often only several fields apart or on oppo- 
site sides of a large woods. Inasmuch as it was pos- 
sible, pairs of fields with the same crop were used; 
often, however, the reference area had a somewhat 
later planting. 

A trap line rather than a trap grid was used to 
sample the population because only the mice living 
in the narrow, peripheral band of the woods into 
which insecticide drifted were to be studied. The trap 
lines were set in the vegetation along the edge of 
the woods, running parallel to the edge and usually 
several feet and no more than 10 feet from the field. 
Museum special snap-back traps were placed at in- 
tervals of 25 feet along the line on a site that had 
been scooped out in the leaf litter or cut out with a 
machete if the vegetation were dense. Evidence that 
the use of the 25 foot interval insured a near maxi- 
mum catch was indicated by the fairly infrequent 
catches of animals in the same trap for successive 
nights or in adjacent traps on the same night. This 
condition, however, was not found in areas of dense 
populations where a greater density of traps would 
have resulted in a considerably greater catch. The 
length of the line generally depended upon the Jength 
of the wooded edge, usually being around 1000 feet 
or about 40 traps long. Trapping was usually done 
for only two nights on one site unless many traps were 
sprung by rain or some other extenuating circum- 
stance allowed a longer period, so that only the 
actual population of the area would be sampled. 
Stickel (1946b) demonstrated the movement of for- 
eign mice into an area after several nights of trapping 
which removed mice from the population. 

Since it was felt that more complicated baits had 
not been demonstrated to be definitely superior to 
simple peanut butter, crunchy style peanut butter was 
used as bait. The larger particles in the crunchy style 
tended to reduce the feeding activity of ants. wood 
roaches, and other insects. Towsend (1935) indicated 
that with Peromyscus there was little difference be- 
tween perception of bacon, peanuts, or raisin baits. 

Trap suecess was caleulated on the basis of Wood 
Mice caught per effective trap night. Effective trap 
nights (ETN) = total trap nights — (traps lost 
+ l% traps sprung from accidental causes + K traps 
sprung by rain). Traps sprung by rain were cor- 
rected as to whether they had been sprung during the 
late afternoon (K = 1), during the night (K = ¥%), 
or just before the line was run in the morning (K = 
0). The time of the initiation of precipitation was 
determined from records of a recording rain gage at 
the Laboratory (Thornthwaite et al. 1950, 1951). It 
was assumed that traps sprung accidentally by birds, 
frogs, slugs, turtles, falling leaves and twigs, and mice 
which escaped were sprung at an arithmetic rate 
during the trapping period. Therefore, the total 
number of traps thus sprung was halved to approxi- 
mate the number of these traps that were not avail- 
able during the trapping period to catch mice. 

This correction procedure attempted to make the 
data more comparable by roughly estimating the num- 
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ber of traps actually in operating condition during 
the trapping Although traps accidentally 
sprung normally occurred with a frequency of less 
than 5%, a thunderstorm would spring 75% of the 
traps; twigs and leaves falling during a strong wind, 
10%; ground feeding birds during migration, 20%. 
Traps may be pulled away by animals caught only 
by their tail or foot or carried away by a raiding feral 
‘at or other mammal. The use of effective trap nights 
reduced the distortion which would otherwise result 
from such disturbances. 


period, 


AUTOPSY 

All animals caught were brought into the labora- 
tory for autopsy. Standard physical measurements 
(weight, total length, tail length, ear length, hind foot 
length, pelage type, 3rd molar eruption) and condi- 
tion and size of the reproductive tracts (as testis posi- 
tion, testis and seminal vesicle length, visibility of 
coiled tubules or presence of sperm in the epididymis, 
number and size of visible mammae, condition of the 
vagina] orifice, size of uterus, number, length, and sex 
of embryos, and the presence or absence of placental 
sears, were recorded. Reproductive trats were usually 
saved, and often the livers were taken during 1950; 
both were fixed in Bouin’s solution for 24 hours and 
then transferred to alcohol for storage. Generally 
stomachs were removed and either examined imme- 
diately or preserved in alcohol for future examination. 

Upon analysis, the weight data exhibited a bias re- 
lated to the calibration interval of two grams on the 
seales uséd to weigh the animals. The size of the 
even weight groups was much larger than that of the 
odd weight groups. For this reason, two gram weight 
groups were used in the analysis. Although no bias 
was apparent in the length measurements, the body 
length data have been put into two and four milli- 
meter groups for greater ease of analysis. 

Since it is shown in Section IIT that the insecticide 
had no demonstrable effect on the Wood Mouse, data 
from treated and reference areas are grouped to- 
gether with those from the Spray Woods Project for 
appropriate analyses in Sections I and IT. Although 
a total of 1030 mice were examined, data on all char- 
acteristics were not taken or were not available from 
all mice, so that sample sizes on which individual 
statistics are based vary considerably. Data, espe- 
cially where sexual differences were not apparent, 
were combined or were presented in graphic form. 
The detailed tables from which these data were taken 
are presented in the appendix of the thesis which is 
on file at the School of Hygiene (Jackson 1952). 

A considerable amount of effort was expended to 
understand the animals under experimentation. It 
was felt that only by appreciating the Wood Mouse 
as a biological unit in relation to its environment 
could proper interpretation be given to various re- 
actions it might have to an insecticide stress. Con- 
sequently, the first section of this paper deals with 
various maturity criteria in general and the repro- 
ductive pattern in some detail, since changes in the 
latter most profoundly affect the population. The 
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second section deals with the relation of the Wood 
Mouse to its environment, the plants and several me- 
teorological conditions. With a foundation thus laid, 
it is possible to deal with effects of agricultural in- 
secticide practices on Wood Mouse populations in 
Section IIT. 


SECTION 1. 
DESCRIPTION OF WOOD MOUSE 
POPULATIONS 

To interpret population changes and interrelation- 
ships an understanding of the reproductive pattern 
of the species is necessary. In recent years, the mice 
of the genus Peromyscus have been rather widely 
studied, but there have been no extensive field studies 
of reproductive patterns reported. The University 
of Michigan group under the leadership of Dr. Lee 
R. Dice has done very intensive work with laboratory 
populations, determining growth and physiolcgical 
patterns and genetic relationships. They have also 
worked with field populations to determine movements, 
home range, and longevity; and coincident with these 
studies it has been possible to determine some repro- 
ductive data from the examination of these live 
animals. 

However, the amount of data concerning repro- 
ductive patterns that can be obtained from live ani- 
mals is limited. Autopsy is needed to understand 
more precisely the animal under study. Burt’s (1940) 
objections that improper interpretation results from 
failure to follow an individual animal during the 
breeding season may be easily allayed by statistical 
treatment of data from animals killed periodically 
during the breeding season. Others, too, have worked 
with field populations, but their samples have often 
been so small as to prevent any type of statistical 
treatment or their analyses have gone no further than 
determination of sex ratios, litter sizes, or prevalences 
of pregnancy. 

This section deals briefly with some of the standard 
taxonomic measurements taken at the time of autopsy 
and their use in the determination of maturity and, 
in more detail, with the various reproductive phe- 
nomena in order to give a more adequate foundation 
for the interpretation of population data. 

NATURE OF MATURITY 

It is possible to express the age of an organism in 
terms of many criteria. Most often a time seale is 
used, and an individual is considered as an adult or 
juvenile depending on a set chronology. In contrast, 
an animal considered as mature has attained certain 
physiological (and perhaps psychological) thresholds. 

The use of physiological, and more particularly 
reproductive, age indices rather than those of chrono- 
logical age is preferable in studies of reproduction 
and behavior, for the role played by the individual in 
the population is primarily a function of its physio- 
logical development; and these growth and develop- 
ment patterns are quite variable, being influenced by 
many factors such as nutrition and position in social 
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hierarchy. Though animals are adults by chrono- 
logical criteria, they can play no part in the repro- 
ductive phases of the population dynamies until 
motile sperm are contained in male reproductive 
tracts or until ovulation has occurred in females. In 
a similar manner, behavioral complexes such as home 
range, which seem to be related to the sex hormone 
level, cannot be initiated until the animal is at the 
proper physiological threshold. 

DETERMINATION OF Maturity INDEX 

Individual animals vary considerably in their rates 
of development. Were it possible to observe indi- 
viduals over a period of time, the different ages at 
which they attained a given level of development 
could be determined. However, since the animals 
in the present study were examined at but one stage 
in their development, only the presence or absence of 
a given character could be observed. The actual age 
or size at which the change occurred could thus not 
be known. 

The pelage changes of the Wood Mouse offer a 
convenient example (Table 1). The sub-mature pel- 
age is a transitional type of pelage lasting about a 
month; in most mice, the molt to the mature pelage 
was completed when the individual was between 80 
and 90 mm in body length, though a few individuals 
failed to complete it until after 100 mm. Thus the 
distribution of sub-mature pelage type by body 
lengths is an indicat‘on of the developmental varia- 
bility. 

Since it is not possible to know the age at which 
a developmental level is achieved, the most satisfae- 
tory procedure for analyzing data of this type is the 
ealeulation of the weights or lengths at which 50% 
of the individuals have attained various maturity eri- 
teria. If the percent of individuals with mature pel- 
age in each length class is plotted on arithmetic prob- 
ability paper, a straight line results, indicating nor- 
mally distributed data. From the intersection of this 
latter line with the probability value, the length at 
which 50% of the individuals have achieved mature 


TABLE 1. Relation of pelage type to body length. 





PELAGE TYPE 
Body length class 


mid-point Percent 

(mm.) Sub-mature with 
Percent | Mature Class | mature 
Mice | of total fotals, pelage 

70.5 1 0.7 0 1 - 
74.5 5 3.4 1 6 16.7 
78.5 14 9.4 10 24 41.7 
82.5 45 30.4 26 71 36.6 
87.5 33 22.3 84 117 71.8 
90.5 33 22.3 96 129 74.4 
94.5 11 7.4 118 129 91.5 
98.5 6 4.1 92 98 93.9 
102.5 0 - 21 21 100.0 

Totals 148 448 596 


50% Point 83.5 mm. 


Standard Deviation 8.4 mm. 
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TABLE 2. Body length or body weight for which 50% 
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of the animals show the specified criterion of maturity, 





MALES FEMALES TOTAL 
Criterion “i - - 
50% point SD nt | N* | 50% point SD n |N 50°, point SD n N 
Eruption of 3 molar 11.4gms. | 1.7gms. 9 | 114 | 10.4gms. | 1.8gms. | 29 | 106 | 11.1gms. | 1.6gms. | 45 | 22] 
Pelage change t t 
Grey to transition 14.1lgms. | 1.6gms. | 55 | 187 | 15.2gms. | 1.4gms. | 45 | 115 | 14.5gms. | 2.2gms. | 96 24 
81.5mm. | 5.2mm. | 87 | 11 80.9mm. | 8.0mm. | 65 | 102 | 79.9mm. | 5.2mm. |124 262 
Transition to Brown...| 17.7gms. | 2.2gms. | 86 | 272 | 18.5gms. | 1.6gms. | 78 | 256 | 17.7gms. | 2.5gms. |222 | 538 
82.9mm. | 7.8mm. |17 319 | 85.1mm. | 8.0mm. |129 | 264 | 83.5mm. | 8.4mm. |340 596 


Perforation of Vaginal 
Orifice 


13.1gms. | 3.2gms. | 96 | 176 


Scrotal Testes : 
77.1mm. |50.0mm. | 87 | 294 


14.9gms.| 2.6zgms. 5 


Sperm in Epididymis.. . 
7.0mm. | 1.1mm. | 16 








*N =number of individuals used in calculating 50%, point. . 
tn=number of individuals included in 50%, point + 1 standard deviation. 
tSignificantly different (p=0.03). 


pelage can be read. The use of a statistic such as 
the 50% point, with a measure of variability, is far 
superior to the use of the point at which all indi- 
viduals in the population possess the characteristic, 
since these extremes are highly variable and give little 
indication of the nature of the population. 

The data for several maturity criteria have been 
analyzed according to this 50% point method. The 
50% points have been read directly from the graph, 
and one standard deviation was determined from the 
intersection of the 34% and 84% probabilities with 
the plotted lines. The standard error of the 50% 
point was determined with the formula, 

Standard deviation 


S. E. = ————— 





where n = number of individuals included in 50% 


point +1 standard deviation (Litchfield & Fertig 
1941). Fifty % points were compared with the 
formula, _X = — 0%: — 0%» 

. SE,? + SE? 
Fifty © points with their standard deviations for 


several maturity criteria are summarized in Table 2. 
With one exception, there were no significant differ- 
ences between sexes. Detailed tabulations are avail- 
able (Jackson 1952) in the Johns Hopkins Library. 
MATURITY CRITERIA 

1. Body Growth 

The regression of body growth on body length was 
essentially linear and so similar for males and non- 
pregnant females that the two groups of data were 
combined for Figure 1. Data for the pregnant fe- 
males were not included since the weight of the em- 
bryos, especially late in pregnaney, distorted the basic 


relationship. 





14.3gms. 
75.5mm. 
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19 | 160 
299 


.6gms. 
).0mm. | 82 
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The lack of concavity in the upper part of this 
curve indicates that the mice continue to increase in 
length as well as weight during the trappable life of 
the animal—a life so short as to prevent the attain- 
ment of an age at which the rate of body weight 
increase was proportionately greater than that of 
body length. Blair (1948) found that Wood Mice 
remained in a trapping area for 4.64 + .21 months, 
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Fig. 1. Relation of weight to length of male and non- 
pregnant female Wood Mice. The points represent the 
mean weights of each body length class; the numbers, 
the mice examined; and the horizontal lines, 1 standard 
deviation on each side of the mean weight. 
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and he thought their disappearance was due primarily 
to death of the mice. 

The mean weight of the sample was 19.13 + 0.14 
grams, and the mean body length was 87.89 + 0.30 
millimeters. Although these statistics are of limited 
usefulness, they are included here because they are 
commonly cited in population studies. 

2, Eruption of Third Molar 

The eruption of the third molar is a criterion of 
slight usefulness, since it separates the very young 
mice from all others (50% point = 11.1 gms.) and 
does not seem to be correlated with any important 
change in the activity of the mouse. 

3. Pelage Changes 

Three major pelage phases occur during the life of 
the Wood Mouse: the all grey immature pelage, the 
sub-mature transition pelage in which the grey is 
gradually replaced by brown, and the mature pelage. 
In field populations of maniculatus, 
Storer et al. (1944) found that the completion of the 
sub-mature molt required an average of 25 days. 

That the 50% weights were slightly greater for the 
females than the 15.2 grams against 14.1 
grams for the initiation of the molt and 18.5 grams 
against 17.7 grams for the completion of the molt- 
reflected the skewing effects of the weights of the 
pregnant females. The 50% body lengths, uninflu- 
enced by this factor, did not show this trend. 
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4, Lengths of the Ear, Foot, and Tail 

The data on the lengths of the right ear, right hind 
foot, and tail, based on the mice caught in 1950, are 
summarized in Table 3. Of the mature and sub- 
mature mice, the mean length of the right ear was 
16.3 mm; of the right hind foot, 18.9 mm; of the 
tail, 76.3 mm. Comparable figures for year-old mice 


TABLE 3. Lengths of Ear, Hind Foot, and Tail. 





| Standard 
Character Maturity Sex Mice Mean Error 
(mm.) (mm.) 
Right Ear Mature + Male 140 16.27 | 0.061 
Sub-mature | Female 124 16.43 | 0.087 


Both 264 16.31 | 0.053 

Immature Both 33 15.39 0.24 

Right Hind Foot | Mature + Male 147 18.9 0.96 
Sub-mature | Female 120 18.9 | 0.06 
Both 267 18.9 0.047 

Immature Both 29 18.3 0.15 

Tail Mature + Mate 260 76.0 0.35 
Sub-mature | Female 250 76.5 0.41 

Both 510 76.3 | 0.27 

' 
Immature Both 52 63.7 1.31 
Animals from Cecarville, N. Y. Dice, 1937b) 

Right Ear Mature Both 86 16.544 0.061 
Right Hind Foot | Mature Both 86 20.624 0.065 
Tail | Mature Both 86 75.58 0.44 
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ra‘sed in the laboratory from individuals collected at 
Cedarville, New York (Dice 1937b), are appended to 
the table for comparative purposes. Measurements 
of the hind for the Seabrook data 
from the heel to the end of the longest toe rather than 
by the more standard technique of to the end of the 
longest toenail. Thus if 1.5 mm to account for the 
nail length be added to the Seabrook figures, there is 
essential agreement with those cited by Dice. Differ- 
ences between sexes and between the New Jersey and 


food were made 


New York data are small and are obviously of no 
statistical significance. 
5. Reproductive Criteria 

Criteria for reproductive maturity are many; but 
the use in field experimentation of a single trait to 
indicate the state of a complex system is necessary, 
though perhaps a bit inaccurate because of the de- 
velopmental variations. 
a. Vaginal Orifice 

Generally the presence in the female of a perfo- 
rated vaginal orifice is taken to mean reproductive 
maturity, and Clark (1938) has shown that females 
with this character were sexually mature. It is pos- 
sible, however, that the membrane may be ruptured 
during copulation or during handling. However, be- 
cause of its utility, this character was used in this 
study to define the sexual maturity in female Wood 
Mice. The value, 14.3 grams, at which 50% of the 
individuals have developed this trait (Table 2) com- 
pares favorably with laboratory populations of the 
same subspecies which Whitaker (1940) considered 
to be sexually mature at 14 grams. 
b. Placental Scars 

The use of placental scars to determine litter fre- 
quency and size in Norway Rats (Rattus norvegicus) 
has been shown by Davis and Emlen (1948) to be 
unreliable. Because of this analysis, no attempt was 
made to use those sears for such determinations. The 
presence or absence of scars was recorded at autopsy, 
and these data were then correlated with body length 


TABLE 4. Relation of presence of placental sears, en- 
largement of mammae, size of uterus to length of body. 





; PeRcENTAGE IN Eacn Group 
Mid-point 


of size % with 
class Mice | placental Mammae Index Uterus Size 
mm. scars 
Mice| 1 2 3 4 |Mice} 1 2 3 
66.5 9 10 (100 11 |100 
70.5 10 8 | 75 | 12 | 13 14 | 79 | 21 
74.5 7 ; 8 | 63 | 37 11 46 | 36 18 
78.5 15 6.7 17 | 76| 6)] 12] 6] 15 | 73 | 20 7 
82.5 23 17.4 19 | 37 | 10 | 42 | 11} 23 | 17 | 61 22 
86.5 27 33.3 32 28 | 41 | 31 30 6 | 47 47 
90.5 43 37.2 52 4/17) 33 | 46) 25 4'48 48 
94.5 49 61.2 55 re 2 | 36 | 62; 32 6 | 41 53 
98.5 59 72.9 59 3 | 31 | 66 | 35 4 | 45 51 
102.5 13 61.5 16 25 | 75 4 75 | 25 
106.5 2 50.0 2 100 1 100 


Totals 255 277 201 
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TABLE 5. Relation of presence of placental scars, en- 
largement of mammae, and size of uterus to weight of 
mouse, 





Percentace tn Each Grove 
Mid-point 


of 3:4 ©) with 
clas Mice placental Mammae Index Uterus Size 
(gms. scars 
Mice 1 2 3 4 Mice; 1 2 3 
5.5 2 1 100 ( 
7.5 4 5 |100 21 (100 
9.5 17 16 | 94 6 
11.5 Il 11 82 | 18 15 | 53 | 47 
13.5 16 8 | 63 | 20 | 17 13 | 54) 15 31 
15.5 26 3.5 23 | 35 | 35 | 22; 8 | 29 | 21 | 52 27 
17.5 li 29.0 20 15 | 45 | 35 | 5) 2 | 13) 43) 43 
19.5 32 59.4 35 17 | 46 | 37 | 30 3/47 | 50 
21.5 28 78.6 38 45 | 55 | 26 50 50 
23.5 41 73.2 49 41 | 59 | 24 4 | 46 50 
25.5 31 61.2 34 3} 26/71) 21 48 | 52 
27.5 21 54.8 24 21 | 79 5 40 60 
29.5 13 46.2 16 31 «69 5 60 40 
31.5 7 4 100 2 109 
Totals 270 288 14 


Following the at- 
of the sub- 


and weight classes (Table 4 and 5). 
tainment of sexual maturity, about 20% 
mature individuals (with grey-brown transition pel- 
age) showed placental sears. In the older classes, up 
to 75% of the individuals exhibited sears. 

Since virtually all the animals were trapped after 
the initial phase of the breeding (in April and early 
May) was over, that from 50-25% of the mature ani- 
mals were without sears indicated that either many 
individuals were not breeding, either due to sterility 
or to lack of matings, or that placental scars were not 
a reliable index of past pregnancy. That this latter 
might be true was indicated by several females espe- 
cially noticed at autopsy in which the lactation tissue 
was well developed, the uteri appeared to be recently 
post-partum, and placental scars were absent. Be- 
cause of these uncertainties, even the presence of 
placental scars would seem to be a very unreliable 
criterion, 
¢. Mammae Development 

The number and size of visible mammae may be 
used as a rough criterion of maturity (Tables 4 and 
5). Four developmental classes were established: 1. 
Mammae not visible, 2. four of six mammae visible, 
3. six mammae visible and enlarged, and since the 
accurate determination of lactation was not always 
mammae grossly enlarged and individual 


possible, 4. 
This last classification included, 


probably lactating. 
then, those individuals with enlarging mammae prior 
to parturition and those whose mammae had not vet 
atrophied after weaning, as well as those who were 
actually lactating. The correlation indicated the 
gradual enlargement of the mammae with the attain- 
ment of sexual maturity and that in the older classes 
about 70% of the individuals had “enlarged mammae 
and were probably lactating.” 


d. Uterus De velopment 


The size of the uterus was recorded at autopsy as 
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TABLE 6. Relation of the number of embryos visible 
in uterus to maturity. 





Immature* 


Number of Mice Sub- Mice Mature 

embryos mature “% 
1 _ _ _ obs 
2 - = } 3.9 
3 j 12.1 19 18.6 
4 17 51.5 42 41.2 
5 g 2/.3 27 26.5 
6 2 6.1 9 8.8 
 f l 3.0 | 1.0 
Totals 33 102 
Mean $.36 +.20 
Standard 

Deviation 0.98 1.00 


*Maturity defined 

Immature =females with grey pelage 

Sub-mature = females with grey-brown pelage 

Mature =females with brown pelage 
(1) thread, (2) string, and (3) eord. As with the 
development of the mammae, the initiation of the 
uterus enlargement with the attain- 
ment of sexual maturity; and in the older groups 
about 50% of the individuals had a cord-type uterus. 
However, since placental sears were found in thread- 


was correlated 


sized uteri, uterus size had limited value as a criterion 
of maturity; for from the uterus size it was not pos- 
sible to know whether the female had produced young 
or not. 
e. Litter Size 

Litter size was not significantly related to maturity 
(Table 6). The comparison of the mean number of 
embryos visible in the uterus of mature individuals 
(4.20) with that in sub-mature and immature indi- 
viduals (4.36) showed no significant difference. 
J. Testis Position 

A frequent criterion for male sexual maturity is 
This 


move 


the descent of the testes into the serotal sae. 
trait has limitations testes may 
rather freely between the scrotal and abdominal eavi- 
ties during the course of normal activities. Further, 
Howard (1950) studying laboratory populations of 
this same sub-species found that males during the 
winter with abdominal testes remained feeund. As 
with rats (Davis & Hall 1948), it was noted that the 
testes sperm were present ( Table 
2). The weight at which 50% of the animals had 
scrotal testes was 13 grams; that at which sperm were 


because the 


deseended before 


present in the epididymis, 15 grams. 


g. Presence of Sperm 

A better criterion of sexual maturity is the presence 
of sperm. Field Mice (Hamilton 1941a) and Norway 
Rats (Davis & Hall 1948) have visible tubules in the 
testis when sperm is present. The use of unstained 
smears of testis tissue and fluids is also possible, 
though it is difficult to distinguish between mature 
sperm and advanced spermatids under these condi- 
tions. Whitaker (1940) considered both the presence 
of a palpable epidymis and the development of the 
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testis to at least half of its adult size. Perry (1945), 
concluded that sperm were present in the epididymis 
when the coiled tubules in this organ were visible. 
This method was chosen as most worthy of use in this 
study. In cases of individuals with enlarged repro- 
ductive tracts but with the epididymal tubules not 
clearly visible, determinations were made by micro- 
scopic examination of smears from this organ. 

Only a portion of the animals autopsied were ex- 
amined for this factor. In a small sample sperm 
were present in the epididymis only in individuals 
weighing 15 grams or more, and the presence of sperm 
was almost always associated with testes at least 7 mm 
(about 50% of their maximum length) (Table 2). On 
the basis of these data and for the purpose of further 
analyses, all males weighing 15 grams or more were 
considered sexually mature. 

h. Growth of Seminal Vesicle and Testis 

The size or weight of accessory organs of repro- 
duction may also be used as eriteria for sexual ma- 
turity. Growth patterns for the seminal vesicles were 
measured and analyzed, but these data were not used 
in any maturity analysis. The length measurement 
is not one of extended length but is similar to the 
crown-rump determination of embryos. Measurement 
was made from the base to the most distal portion of 
the partially coiled organ. 

The relation between the growth of the testis and 
of the seminal vesicle and body length or weight is 
not linear. At about the time of sexual maturity there 
is a rapid growth of these reproductive organs, fol- 
lowed by a period in mature individuals in which fur- 
ther body growth is not correlated with further hy- 
pertrophy of these organs. 

SEASONAL REPRODUCTIVE PATTERNS 

Many environmental factors play a role in the regu- 
lation of small mammal breeding. In their studies of 
Microtus agrestis Baker & Ranson (1932) and Baker 
(1933) implicated light, temperature, and food qual- 
ity. Hamilton (1941a) found that climatic conditions 
(temperature, precipitation, light) exerted little in- 
fluence on the length of the breeding season in Mi- 
-crotus pennsylranicus, but he suggested that high 
densities in winter were necessary to permit the few 
females in estrus to make contact with a male. In 
two species of British wild mice, Baker (1930) found 
the intensity of winter breeding to vary considerably 
from year to year, and Linduska (1950) was unable 
to correlate winter breeding in Microtus with any en- 
vironmental factor. 

Linduska (1942) correlated winter breeding of 
Prairie Deer Mice (Peromyscus 
Michigan with cover and plentiful food supply of corn 
shocks. Orr-Ewing (1950) studying several sub- 


maniculatus) in 


species of Peromyscus in British Columbia found some 
breeding in forest areas in contrast to burned over 
areas in December but periods of anestrus in females 
during January and February. Scheffer’s (1924) 
study of Prairie Deer Mice in Washington showed 
breeding the vear around. Howard’s (1949) data on 


= . wr: . 
Peromyscus le ucopus nove horacensis 1D Michigan in- 
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dicated cessation of breeding from early November 
until late March. Storer et al. (1944) found breed- 
ing to oeceur in Peromyscus maniculatus from mid- 
April to December in the Sierra Nevada or from the 
time of the melting of the winter snow pack until the 
arrival of the heavy snows of the next winter. Brown 
(1945) observed that Peromyscus maniculatus ne- 
brascensis in Kansas found limited winter breeding 
associated with above normal temperatures. Whitaker 
(1940) correlated periods of anestrus in caged Pe- 
romyscus leucopus noveboracensis with short days. 

The data from the present study are too few to 
determine the initiation of spring breeding, but by 
mid-May the breeding was known to be well under 
way. Breeding continued until mid-October, and sev- 
eral population samples during the winter indicated 
no breeding (Figure 2). This was in general agree- 
ment with Burt (1940) who found Michigan Wood 
Mice breeding from mid-March to late October, al- 
though Wood (1910) in Illinois found the initiation 
of breeding to occur in January. 

The seasonal reproductive patterns of the Wood 
Mouse are summarized in Figure 2. This figure was 
drawn on the basis of weekly catches, some of which 
were rather small; thus points based on few individ- 
uals cannot be given much consideration. The possi- 
bilities of using two- or three-week averages or moving 
averages were considered, but were not used because 
they gave a less concise picture. 

A brief review of the criteria for sexual maturity 
may be helpful at this point. Sexual maturity in the 
female was defined as the presence of a perforated 
vaginal orifice; the weight at which 50% of the indi- 
viduals attained this character was 14.3 grams (Table 
2). Thus, for practical purposes, it was also possible 
to consider females 15 grams or more in weight sex- 
ually mature. 

In the case of the male, although the 50% value for 
testis descent was 13.1 grams, the body weight at 
which 50% of the individuals had sperm in the epi- 
didymis was 14.9 grams. Since an examination of 
the epididymis was not made on all male mice, indi- 
viduals 15 or more grams in body weight were con- 
sidered sexually mature. 

1. Prevalence of Pregnancy 

The variability of the breeding intensity was ori- 
entated around two peaks of activity, one in late 
spring when about 65% of the sexually mature fe- 
males were pregnant, and a second and higher one in 
August and early September when about 70% of the 
sexually mature females were pregnant. During July 
in a period of reduced breeding activity the preva- 
lence of pregnancy was about 50% that of the peak 
periods. The fluctuations in the spring breeding peak 
of 1951 may not be real, since the number of indi- 
viduals involved was not large; no explanation is 
offered if the curve actually represented the popula- 
Though Burt’s (1940) data deviated 
some from this pattern, too close comparison was not 


tion changes. 


possible, since breeding activity as determined by Burt 


by external examination was not comparable to preva- 

























268 


NUMBERS OF INDIVIDUALS 
--x--% MALES S15 GRAMS WITH TESTIS LENGTH 
5 1124 1 - 126 16336 1519- 8 - 1935176 16314 


—O—-% FEMALES SI5 GRAMS WITH PERFORATED 
8- B12 - 54 13243 1719- 9- 213711 - 13283 


—o—% FEMALES WITH PERFORATED & CLOSED VAGINAL ORIFICES 
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Seasonal reproductive patterns in the Wood Mouse, 


Fig. 2. 
periods (see text for interpretation ). 


lence of pregnancy as determined by examination of 
the uteri. 

In some individuals after copulation the vaginal 
orifice may be closed by sear tissue. During the 
breeding season this may oceur in 50% of the females, 
15 grams or more in weight (Figure 2). During the 
winter period of anestrus, the vaginal orifices of 
sexually mature mice closed and those of maturing 
individuals did not become perforated. 

Hamilton (1937) suggested that at different density 
levels the reproduction rates of Microtus mght be 
He theorized that at low densities it 
would not always be possible for a female in estrus 
to make contact with a male, and thus the prevalence 
of pregnancy would be reduced. Data of the present 
study from the breeding peaks were grouped accord- 
ing to population density as measured by trap sue- 
cess for each of the two years (Table 7). There were 
no significant differences between the prevalence of 
How- 


quite diiferent. 


pregnancy for different density classifications. 
ever, on the basis of trap success determinations, the 
population level is known to have been lower in 1951 
than in 1950 (Table 9); and the avcrage prevalence 
of pregnancy for 1950 was found to be significantly 
higher than for 1951 (p = 0.01). Since the yearly 
samples from which the data are determined were 
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TABLE 7. Relation of prevalence of pregnaney to popu 
lation density. 





Year Population Mice Prevalence of 
Classification * Pregnancy 

1950 High 16 63 

Medium 11 .82 

Low 20 Arf) 

Average (medium 

+ low) 31 ae 

1951 .| Medium 29 .52 

Low 33 49 

Average 62 0 


*Definition of population level 
Low <7.5% trap success 
Medium $7.5% €19.4% trap success. 
High > 19.4%, trap success 


comparable, this difference would appear to fit into 
the theoretical framework suggested by Hamilton. 
2. Incidence of Pregnancy 
The incidence of pregnancy during the 130 days 
the breeding population was sampled can be caleu- 
lated from 130 P 
18 


animals examined in weekly 
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where P = prevalence of pregnancy (modified from 
Emlen & Davis 1948). The denominator number 18 
refers to the number of days during the approxi- 
mately 22 day gestation period of rats that the em- 
bryos are visible in the uterus. The gestation period 
of the Wood Mouse is approximately 23 days (Svihla 
1932). The proportion of that period that the em- 
brvos are visible is not known; but is probably the 
same as for rats and mice, and hence this denominator 
was used for these crude calculations. The prevalence 
statistic is an over-all value and is not based on pe- 
riodic samples of the same size. 

The incidence of pregnancy during the 1950 trap- 
ping was based on 174 sexually mature females. The 
prevalence was 0.56 (Standard Error = 0.038) and 
the incidence was 4.1. For 1951 172 sexually mature 
females were examined. 
(S.E. = 0.038) and the incidence was 3.4 
cidences are not significantly different. 


The prevalence was 0.47 
These in- 
Since the 
average incidence of pregnancy for a period which 
excluded the first month of the breeding season was 
3.7, this was in general agreement with Burt (1940) 
who found each female bearing four to five litters 
during the course of the total breeding season. 
3. Litter Size 

The average number of visible embryos per female, 
based on the examination of 173 pregnant females, 
was 4.14 + 0.08. This was not statistically different 
from Svihla’s (1932) value of 4.36 + 0.10 determined 
from 53 litter counts shortly after birth. 
(1935) figure of 4.7 embryos per female based on 


Towsend’s 


autopsy data from 18 females can hardly be dealt with 
statistically. 
tance, for of 716 embryos examined, only 7 were re- 
sorbing, a prevalence of 0.01. No instance of the 
recent resorption of a complete litter was found. 


Embryo resorption is of little impor- 


The number of visible embryos was not a negative 
function of their uterine age as it is in Brown Rats 
(Perry 1945). 
bryos per female for three embryo s'ze-groups was 
4.13, 4.13, or 4.17 (based on 175 females). Intra- 
uterine mortality after the embryos became visible 
would thus seem to be negligible in the Wood Mouse. 

Hamilton (1937) coneluded that in the Field Mouse 
the litter size varied in successive years with the popu- 
lation density. 


The average number of visible em- 


The present data when analyzed along 
lines of seasonal differences showed only non-signifi- 
cent variations (Table 8). 
f. Testis Position 

During the breeding season all sexually mature 
males remained in reproductive condition. The small 
amount of variability in Figure 2 was related to the 
nature of the criteria used for determining sexual 
maturity. The variability in the relation between 
testis size and body weight was such that a few indi- 
viduals reached 15 grams before their testes had hy- 
pertrophied to a length of 7 mm. Once attained, how- 
ever, there was no normal loss of fertility (as deter- 
mined by the presence of sperm) nor atrophy of the 
reproductive tract during the breeding season. Dur- 
ing late October, atrophy oceurred rather quickly; and 
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TABLE 8. Number of visible embryos according to 
months, 1950-51. 





Pregnant Mean visible Standard 

Montk females Embryos Error 
April 3 5.3 
May 8) 3.9 
June 25 3.9 
July 16 3 

0.17 
August 0 3.8 
September 76 4.5 

> 0.12 
October 3 +.0) 


the males remained in a non-breeding condition dur- 


ing the winter. 
3. Changes in Population Composition 

When weight groups were established for each of 
ten 2-week periods during the breeding season, an 
influx of young mice into the trappable population 
during late June and early July and again in late 
September and early October was evident. Also, the 
movement in time of this group through the popula- 
tion was apparent (Figure 3). For example, during 
the two periods from 16 June through 15 July, the 

€14 gram elass of animals constituted about 20% of 
the population, a far higher proportion than in periods 
before or after this. This increase was due to young 
animals born during May becoming trappable. Dur- 
ing July the mode of the population moved through 
the 15-18 and 19-22 gram classes; in August when the 
latter two weight classes contained 70% of the popu- 
lation, there were only a few individuals in the initial 
class. This pattern was in close agreement with the 
laboratory data which show the accomplishment of 
weaning by about a month after birth (Svihla 1932) 
and in similar maniculatus sub-species the attainment 
ot 14 grams body weight in about five weeks (Dice & 
Bradley 1942). 

CHANGES IN PoPULATION LEVELS 

In 1951 the general population density, as meas- 
ured by trap success, had decreased considerably from 
the previous year. Only a few areas were trapped 
in both years, but those whose trap successes averaged 
about 25% in 
(Table 9). 
success was less than 5 


1950, averaged about 5% in 1951 
In the one example where the 1950 trap 
%, the 1951 ratio was also less, 


4 


than 5%. The occurrence of fluctuations is a char- 
acteristic, and for the most part unexplained, phe- 
nomenon of small mammal populations (Elton 1942; 
Evans 1942). 


change in this population of Wood Mice can be ad 


No satisfactory explanation for the 


vaneed., 
Sex Ratio or Empryos 
The determination of sex in embryos 14 mm in 
crown-rump length and longer is macroscopically pos- 
sible, for by this state of development the testes have 
begun to move posteriorad from their developmental 
position lateral to the kidneys. Since the ovaries 
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Fic. 3. Percentage distribution weight classes of Wood 
Mice by two-week periods. 


remain in essentially this primordial position, the dis- 
tinction between the two sexes is simply made upon 
dissection of the abdominal cavity. In an examina- 
tion of 133 embryos from 32 reproductive tracts, 
51.8% were identified as male. This was not statis- 
tically different from a primary sex ratio of 50.0% 
male. 


1. Breeding Season Determinants 

It appeared from these data that the female was 
the determinant of the breeding cycle. In the fall the 
pregnancy prevalence as well as the percentage of 
sexually mature females with perforated vaginal ori- 
fices decreased earlier and more quickly than did the 
male act vity curve. The spring data are too few to 
be sure of the pattern, but Burt (1940) commented 


WILLIAM B. JACKSON 


IN WEIGHT CLASS 


PERCENTAGE OF MICE 


Ecological Monographs 

Vol. 22, No, 4 

TABLE 9, Comparison of trap success ratios of areas 
trapped in 1950 and 1951. 








1950 
Woods Trap Sesseis 
Date Mice ETN Percent 
ee ee 49 71 69.0 
eee 3 Apr. 3 60 5.0 
Ee 18 Sept. 22 74 29.7 
Lae 14 July 10 63 15.9 
E ..| 23 Aug. 24 112 21.4 
1951 
Woods Trap Success 
Date Mice ETN Percent 
A * 17 Oct. 28 68 41.2 7 
B 16 May 1 94 2.1 
C ! 30 Aug. 2 69 2.9 
Ds 6 |} 28 Aug 12 154 7.8 
E 2 Aug. 2 65 3.1 


ETN =effective trap nights. 


that the time the males came into breeding condition 
was coincident with the initiation of female breeding. 
During the brecding season itself, the males remained 
sexually active, while the females had peaks and 
troughs of sexual activity during the same period 
(Fig. 2). 

Generally the patterns for the two years were simi- 
lar. In 1951 the prevalence of pregnancy was sig- 
nificantly lower, and the curve describing the percent 
of sexually mature females with perforated vaginal 
orifices was somewhat different from that of 1950. 
Some of the samples in 1951 were quite small, and it 
was entirely possible that the curve for this year, 
especially in the latter statistic, did not accurately 
describe the population. 

2, Differential Movement of Sexes 

Small mammal trappers have often found a slight 
preponderance of males in their returns. Among the 
workers with the present subspecies (Towsend 1935; 
Burt 1940; 1941; Linduska 1950), Tow- 
send was the only one whose sample was large enough 
to demonstrate that the sex ratio of the trapped mice 
was statistically different from a ratio of 50% male. 

In the present study the over-all sex ratio of 54.1% 
male was not significantly different from the ratio of 
0.5 males. However, comparison of sex ratios for 
various age groups (Table 10) revealed that although 
ratios of the youngest groups (<14 grams or< 3 
mm) were not statistically different from a ratio of 
0.5 male, the sex ratios of the median-aged groups 
(15-22 gis or 79-96 mm) of about 0.6 males and of the 
oldest groups (5 23 gms or $97 mm) of about 0.4 
male were s‘gnificantly different from a ratio of 0.5 
male. When these data were grouped according to the 
breeding troughs and peaks, this same pattern was 
present; there was no indication that the proportion 
of males was lowest during the height of the breeding 
season (Laurie 1946). 
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TaBLe 10. Proportion of males in weight and length 


classes. 





214 15-18 19-22 S 23 ToraL 


Weight (gms. = : : : 
Mice % | Mice % | Mice % | Mice % | Mice % 


148 54.7/ 227 54.6) 325 63.7| 293 40.9; 984 654.1 


X? test* p=.25 p=.15 p= .0005 p= .03 p= .07 
Length (mm. 78 79-86 87-96 397 

107 52.3 | 232 58.6| 466 57.3] 164 41.4/ 969 55.5 
X?2 test* p= .84 p= .009 p= .0027 p= .03 p=.06 


*Probability that these ratios could be obtained if the true ratio were 50% 


males. 


The males of many animal species are known to 
range more widely than the females. Hacker & Pear- 
son (1943) found this to be true with the Long-tailed 
Field Mouse (Apodemus sylvaticus) in England, as 
did Davis (1945) for several species of neotropical 
mammals. Studies of the present subspecies by Burt 
(1940) indicated that the average home range of the 
male (1312 square yards) was larger than that of the 
female (1012 square yards). Thus the more widely 
ranging males would come in contact with more traps 
and would be caught more often in relation to their 
absolute number than the females. 

Brown (1951) observed this pattern of greater 
movements on the part of the male House Mice (Mus 
musculus). On the basis of observations on caged 
populations, he determined that intraspecific fighting 
oceurred largely between males and that fighting did 
not occur until sexual maturity had been reached. 
Thus Brown hypothesized that as the animals ma- 
tured, intra-specific competition among the males in- 
ercased and forced greater movements on the part of 
these individuals. 

Observing natural populations of Wood Mice was 
difficult because of their nocturnal habits. Several in- 
dividuals were seen active during the day in two years 
of field work. However, limited observations of 
groups under laboratory conditions have indicated 
that social hierarchy was established in every popu- 
lation and that the strife was usually most severe 
between the largest individuals. Fighting was usu- 
ally discernable only when the hierarchy was being 
established in newly assembled populations, when a 
new individual was introduced into an established 
group, or when food or water were in short supply. 
Observational data were not adequate to indicate 
the relative roles of the two sexes in this pattern, 
however. 

The present data support the hypothesis of Brown. 
For the sex ratio before the achievement of sexual 
maturity was approximately 0.5 male, while the sex 
ratios of about 0.6 male after the achievement of 
sexual maturity were significantly different from the 
ratio of 50% male. However, the significant pre- 
ponderance of females in the $ 23 gram class (40.9% 
male) did not seem to be explainable with this hy- 
pothesis, for there was no evidence of any decrease 
in sexual activity in the males of this age group; old 
age is virtually unknown to these small mammals 
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(Burt 1940). At first it was thought that the data 
had been skewed by the inclusion of pregnant females. 
However, when the animals were grouped into simi- 
lar classes of body length, to eliminate any bias due 
to the weight of the embryos, the pattern remained 
the same; the longest (oldest) class was 41.4% males, 
and all classes except the shortest (youngest) were 
significantly different from the 0.5 male ratio. An 
interpretation is that there was a sharp increase of 
the mortality rate for males of this group. Davis 
(1948) and Schein (1950) have suggested a similar 
interpretation for Norway Rats. 

Were the males to increase more rapidly in body 
weight or length than the females, a sex ratio dis- 
balance as observed in the median size classes would 
result. However, such a hypothesis could not explain 
the preponderance of females in the largest size 
classes and, indeed, would make the deviation even 
more significant than it appeared to be. Growth 
patterns, especially for body length, are similar in 
both sexes (Dice & Bradley 1942), and in the present 
study the relation between body weight and body 
length was almost identical for both sexes. 


SECTION II. 
RELATION OF MICE TO THE ENVIRONMENT 


In addition to an understanding of reproductive 
phenomena, an appreciation of the environmental fac- 
tors regulating population levels and movements is 
also essential for the interpretation of population 
data. In comparing data obtained from trapping in- 
secticide-treated and reference areas simultaneously, 
fluctuations in various environmental factors need not 
since these fiuctuations affect both 
areas equally. However, when comparisons are made 
among samples collected at different times, the influ- 
ence of these various environmental factors needs to 


be considered, 


be evaluated before sound conclusions can be reached. 
For this reason some relations of Wood Mouse popu- 
lations to vegetation and the relation of the move- 
ments of the mice to several meteorological factors 
will be discussed in this section. 

VEGETATION 

The woods used for this study consist primarily of 
an association of white oak (Quercus alba), red oak 
(Q. rubra), and black oak (Q. velutina). Several 
other oaks and other deciduous species as well as sev- 
eral coniferous species occur but are of minor im- 
portance. In the more moist areas paralleling streams 
and surrounding swamps, an association of red maple 
(Acer rubrum) and swamp magnolia (Magnolia vir- 
giniana) is dominant. 

The tree species were sampled by means of 49 
quadrats, 33 feet on a side, in a 140 acre woods. The 
quadrats were laid out in a regular-random pattern, 
every 500 feet along parallel lines which were 250 
feet apart. The summary presented in Davis et al. 
(1951) is based on data collected in the fall of 1950. 

Trapping was done in two general types of wooded 
areas. One was the upland oak woods; the other, 
bands of oak woods situated between fields and the 
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bottom land maple woods. In order to limit varia- 
bility, such a band was not trapped unless it was at 
least several hundred feet wide. 

The ground cover in the woods consists primarily 
(Kalmia latifolia), huckleberry 
(Vaccinium 


laurel 
baccata), and blueberry 
In contrast is the vegetation along the 
edge of the woods. Here the most important species 
is the introduced Japanese honeysuckle (Lonicera 
japonica). Of lesser importance are Poison Ivy 
(Rhus toxicodendron), raspberries and blackberries 
(Rubus spp.), Green Briar (Smilax rotundifolia and 
S. glauca), and = sumae Rhus copallina). 
Numerous other vines, shrubs, and herbs occur but 
in such small number as to be of little importance in 


of mountain 
(Gaylussacia 
vacillans). 


(mostly 


the edge vegetation. 
Habitat Selection 

Although the Wood Mouse is a rather ubiquitous 
small mammal of wood lots and fence rows (Enders 
1930), Nicholson (1941) captured almost twice as 
many Wood Mice in nest boxes near the edge of the 
Woods as in the interior of the Johnson 
(1926), however, found no such border concentrations. 
The edge area of the woods is a very active area eco- 
logically, for here two communities meet and inter- 
The presence here of denser cover and an abun- 


woods. 


WilX, 
dant supply of food are related to the greater utili- 
zation of these areas by animals. 

To test the hypothesis that Wood Mouse popula- 
tions are concentrated in the edges of the woods, 13 
traps lines were placed in the woods parallel to but 
250-500 feet within the woods from the 13 edge lines. 
Each pair of lines was trapped simultaneously. The 
trap success for both line positions was about 4.5%. 
Data from another group of lines (the Spray Woods 
project) were examined to test this hypothesis. Since 
the lines were perpendicular to the edge, the trap 
success of the first and last four traps on each line 
was compared with that of the remaining traps (ex- 
cluding certain aberrant areas). Thus a border band 
of 75 feet was compared to the interior of the woods. 
Here, too, there was no significant difference between 
the two ratios. However, most of the areas thus 
sampled had borders composed of few dense shrubs 
and few mats of vines. In the few more typical bor- 
der situations in which dense vegetation was present, 
more mice were caught in the border lines; but the 
numbers were not large enough to deal with statisti- 
cally. Probably, had it been possible to sample more 
woods with dense border vegetation, a significant dif- 
ference in trap success between the border and the in- 
terior of the woods could have been demonstrated. 

Towsend (1935), though indicat ng a distinct pret- 
erence of the Wood Mouse for wooded areas, failed 
to show a significant preference for dry or moist 
woods. However, Stickel (1948) caught five times 
as many mice in bottom land woods as in upland 
woods. Burt (1940) found oak-hickory woods with 
a ground cover of forbs to harbor more Wood Mice 
than one with a thick cover of grasses. Insufficient 
trapping in the Seabrook woods was done to deter- 
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mine whether the areas bordering streams had denser 
populations than wholly upland areas. In general, 
the number of mice in the edge seemed to be related 
to vegetation density rather than to the location of 
the woods. 
NATURE OF TRAP SUCCESS 
Since the small mammal is integrally related to its 
environment, its activities are regulated by many fae- 
tors of the environment. Many trappers have noted 
considerable variation in their nightly catches and 
have suspected that a factor or complex of factors 
of the environment was the cause rather than random 
Some suggested that 
pressure or temperature influence 
behavior. Hatfield (1938) found positive correlation 
between warm nights and trap success. Burt (1940) 
thought that he had best trapping results on dark, 
stormy nights. Later with laboratory experiments 
on the Chihuahua Deer Mouse, Blair (1943) demon- 
strated an inverse relation between the level of mouse 
light intensities equivalent to several 
He hypothesized that this cor- 


variation. have changes in 


barometric may 


activity and 
phases of the moon. 
relation was present because he kept a Long-eared 
Owl (Asio wilsonianus), a natural predator of these 
mice, tethered in the experimental room. In more 
recent work with natural populat ons of P. polionotus, 
Blair (1951) found a smiliar activity pattern. 

Trap success data from the present study have been 
analyzed in regard to various environmental factors. 
Meteorological data concerning sky cover and baro- 
metric pressure were taken from the Daily Weather 
(WBAN 10-B) of the U. S. 


Since trap lines were run for two 


Observation Records 
Weather Bureau. 
successive nights, the differences in nightly trap sue- 
cesses could be correlated with changes in some en- 
vironmental factor. This has been done in Table 11 
for changes in the amount of night light as determined 
by moon phase and the amount of cloud cover. If 
the sky were overeast or covered with seattered clouds 
(Weather Bureau classification of 6-10), the sky con- 
dition was considered as cloudy. If the movements 
of mice were negatively correlated with the amount 
of sky light, trap success would have been highest on 
cloudy nights and lowest on clear nights with a full 
moon. However, no such trend was consistently pres- 
ent, and no differences in this direction were signifi- 
cant. In two pairs in which the reverse trend was 
present, the differences between the nightly trap sue- 
cess were statistically significant. 

In light of Blair’s hypothesis it might be expected 
that nocturnal activities of woods animals might be 
less affected by changes in the amount cf night light 
than those of ficld, desert, or beach anima!s; for vege- 
tative cover would produce a considerable amount of 
shade, even in the border areas. This reduction in 
the amount of light at the ground level could reduce 
the predatory effectiveness of such animals as owls 
and thus allow less variation in nightly activity. No 
attempt was made to estimate the predator intensity 
in the Seabrook area, although various predators were 
observed from time to time. 
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TABLE 11, 


POPULATIONS OF 


THE Woop Mouse 


Relation of moon phase and cloud cover to trap success, 





Sky ConpITION oF Two SuccessivE Trap NIGHTS 


Moon Phase Clear to Cloudy 


M ETN TS;}!M ETN TS/|M 
New Moon 30 435 )~=6«6.9 | 31 109 7.6) 10 
(Quarter Moon 59 560 10.5%] 33 516 6.4*| 13 
Full Moon 23 252 9.1 | 31 243 12.7 | 32 
M=Mice caught 
ETN =Effective trap nights 
TS=Trap success (“7). 
*=Significantly different (p=0.016 
+=Significantly different (p=0.027 


The activities of the mouse may be influenced by 
the general pattern of the weather rather than by any 


specific parameter. Air masses are large bodies of 


air with rather uniform characteristics which move 


away from their point of origin and do much to de- 
1. 


TABLE Relation of air masses to trap success, 





First Trap NIGHT 
Air Mass 





M ETN TS 
Continental Polar 104 1380 1.5 
Continental Polar 35 30S 11.4 
Maritime Tropical 91 930 9.8 
Maritime Tropical 13 a9 13.1 
Maritime 120 1360 £8 
Maritime 16 176 9.1 
Continental 104 1380 40 
Continental 35 308 11.4 
Polar 160 1970 8.1 
Polar 39 437 8.9 
Tropical 91 930 9S 
Tropical 13 99 13.1 

Seconp Trap NIGHT 
Air Mass 

M ETN TS 
Continental Polar 111 1309 8.5 
Maritime Tropical 24 298 8.1 
Maritime Tropical 76 S92 8.5 
Continental Polar Z 101 6.9 
Maritime Q4 1279 1.2 
Continental 7 180 3.9 
Continental 111 1309 8.5 
Maritime 24 298 8.1 
Polar 142 1856 ca 
Tropical 30 426 7.0 
Tropical 76 892 8.5 
Polar ; 7 101 6.9 


M = Mice caught. 
ETN =Effective trap night. 
TS=Trap success (°% ). 


Cloudy to Clear No Change 


ETN TS|}M ETN TS|}M ETN TS;|M ETN TS 
174 5.7/)12 199 6.0} 21 340 6.2);19 319 6.0 
149 «(8.7 9 141 6.4 | 72 835 8.61) 42 790 5.3T 
292 10.9 | 27 318 8.5 | 56 201 27.9 | 56 168 33.3 


termine the local weather. Their characteristics are 


acquired from the region in which they form: aretie 
areas producing cold polar masses; more southerly 
oceanic moist 


areas, 


areas, Warm tropical INASSeS 5 


maritime masses; and land areas, dry continental 
the New the 


weather is primarily determined by two air mass 


During summer in Jersey, 


MaSSeS, 


types, though their original properties are consider- 
the state. The 
northern 


ably modified by the time they reach 
Continental Polar mass, originating over 
Canada characteristically produces cool, dry weather 
with clear skies. The Maritime Tropical mass, origi- 
nating over the Gulf of Mexico, is associated with 
warm, moist, and cloudy weather (Petterssen 1941.) 

To determine if a differential in movements of mice 
was related to a change in air mass or its temperature 
or humidity components, trap success data for two 
successive nights were compared with various com- 
binations of air masses and their temperature (Polar 
or Tropical) and humidity (Maritime or Continental) 
components (Table 12). In no case was there a sig- 
nificant difference between the trap successes for the 
two nights. 

Instead of weather conditions which in- 


tegrate many 
the mice may be related to some specific factor. A 


veneral 


meteorological factors, the behavior of 


graphic analysis of the change in trap success with 
the change in the minimum temperature, as recorded 
in a standard Stevenson Sereen (admittedly not the 
temperature of the environment in which the mouse 
operates, but the best approximation available), be- 
tween the two trap nights produced a random distri- 
bution of points and indicated a lack of correlation. 
The temperature variations found by Hatfield (1938) 
to with success 
considerably greater (20° F) 
during the Seabrook trapping (all under 10° F), 
To determine if changes in barometric pressure af- 


be correlated trap differences were 


than those available 


fected the trap success ratio, four pressure classifi- 
cations, ranging from low to high pressure, were 
established : 29.15-29.53 ; 29.54-29.90; 29.91-30.30; and 
Most of the data fell 
into the two middle classifications, indicating major 
The shift of 
the absolute pressure from one category to another 


20.31-30.56 inches of mereury. 


pressure fluctuations to be infrequent. 


in the second night of the trapping perio was cor- 
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In the case of 
on the 


related with changes in trap success. 
a rising barometer, the trap success of 7.3% 
first day was significantly different from that of 3.5% 
on the second day. Correlations with a falling or 
steady pressure trend showed insignificant variations. 

That these reductions in trap success on the second 
night may not be a function of meteorological phe- 
nomena is indicated by an over-all decrease in trap 
success during a trapping period as a result of the 
removal of some of the population. In areas trapped 
for three nights, the difference between the trap suc- 
cess of 8.9% on the first night and that of 5.0% of 
the third night was significant. Differences between 
the first (8.9%) and second (6.9%) nights, though 
not significant, did fit this trend. Since the cases of 
significant trap success decline correlated with baro- 
metric pressure and with moonlight occurred on the 
second night and since there was no reverse trend 


observed (e.g. increased trap success with falling 
barometric conditions), these eases seem more ade- 


quately explained as resulting from the decreasing 
trap success during the trapping period than from 
meteorological changes. 


SECTION III. 
EFFECTS OF INSECTICIDES 

Insecticide applications may affect Wood Mouse 
populations in various ways (1) The numbers of 
arthropods killed by the insecticide may effect changes 
in the food habits; this ean be determined by stomach 
analyses. (2) The ingestion of insecticide with killed 
insects or coated leaves and fruits or from licking up 
dust particles the fur during grooming may pro- 
duce pathological lesions; this ean be determined by 
microscopi¢ examinations of characteristically affected 
tissues. (3) The amount of ingested insecticide may 
be sufficient to cause actual mortality and population 
reduction; this can be determined from differences 
in the trap successes of areas trapped simultaneously. 
(4) The ingested insecticide may act more subtly, 
effecting change in the reproductive pattern; this can 
be determined from analysis of the autopsy data. 

INSECTICIDE MEASUREMENT 

To determine the effects of the insecticide, 
measure of the amount of insecticide deposition is 
necessary. The amount of insecticide actually settling 
on the ground and vegetation after an airplane appli- 
cation is dependent on the amount of air movement 
at the time of application. Wind of more than sev- 
eral miles per hour and turbulence resulting from the 
convective heat loss from the ground will prevent good 
deposition. Even when applications are made in the 
cool, quiet morning and evening twilight periods, as 
they generally were at Seabrook, a maximum of about 
25 pounds out of 40 pounds per acre output of dust 
may be expected to reach the ground and _ plants 
(Brooks 1947; Halstead 1948). Kruse et al. (1944) 
believed a 70% loss to be average when a very fine 
dust was used. 

During 1950 to determine the amount of insecticide 
reaching the vegetation, standard 1” x 3” microscope 


some 
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slides, held parallel to, and six inches from, the ground 
surface by were placed in vegetated 
areas bordering the field and at varying distance from 
the edge in the field itself. The amount of insecticide 
dust deposited on these slides was determined on a 
chain-o-matie balance to the nearest 0.1 milligram, 
and this value was then converted into pounds per 
acre. The error in such a procedure was consider- 
able, but it did give a rough comparative 
During 1951, as a result of the experience 
gained with this slide technique, the amount of in- 
secticide dust deposited on the edge vegetation was 
estimated directly from the size and number of par- 
ticles on the leaves. This latter method was about as 
when only a small number of 


wire holders, 


idea of 
values. 


precise as the former 
slides were used. 

The amount of insecticide dust deposition calculated 
with variable (Table 
13). Generally, the rate of deposition in the wooded 
edge was less than half that in the field. Normally, 
most of the edge deposition came from drift rather 
than from direct deposition; but in cases where the 
amount was more than several pounds per acre, the 


slide determinations was quite 











TABLE 13. Insecticide deposition calculated from 
amount on microscope slides. 
Woops Borper 
Appl’n Insecti- 
Insecticide rate | slides Dust _ cide 
Ibs Mean Mean 
acre Ibs Limits* Ibs/ 
acre Ibs/acre | acre 
6% Parathion 35 9 2.2 4.0-0.4 0. ol 
16% Parathion. 40 10 6.4 9.8-2.9] 0.03 
Y zc , Parathion 40 10 4.3 5.8-2.8 | 0.02 
140; > Parathion 40 11 11.2 | 16.6-5.8 | 0.06 
7 8.7 | 11.5-5.8 | 0.04 
16% Parathion 45 10 no de|posit 
1% Parathion 45 5 no de er 
5% DDT 45 10 2.4 3.6-1,2) 6.12 
5% DDT 37 7 3.5 4.5-2.5 | 0.18 
5% DDT 36 10 4.1 5.4 -2:8 | O21 
1% Parathion 40 10 1.7 4-1.0; 0.02 
Fir Lp 
Appl’n Insecti- 
Insecticide rate | slides ___ Dust cide” 
Ibs Mean Mean 
acre Ibs Limits* | Ibs/ 
acre Ibs/acre acre 
6X Patethion 35 3 ey 3.0 - 0. 3 | 0.01 
ey o Parathion 40 10 6.8 8.9-4.6 0.03 
16% Parathion. 40 10 | 12.9 | 16.2-9.6| 0.06 
130, Parathion 40 11 | 20.8 | 25.1-16.5) 0.10 
146% Parathion 45 5 Te | §.2-1.8 | 0.03 
1% Parathion 45 5 | 13.8 | 20.8-6.8 | 0.06 
5% DDT 45 5 8.7 9.7-7.6 | 0.44 
5% DDT 37 9 6.7 | 11.2-2.3 | OS 
5% DDT 36 
Woodst 
1% Parathion 40 9 1.1 2.2-0.2)| O01 


*limits=mean+ SE (tos) 
+25 feet from field edge in woods. 
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edge vegetation was low enough to allow the pilot to 
fly almost over the area. The actual insecticide de- 
posits were in terms of tenths or hundredths of a 
pound per acre. 

The tests shown in Table 13 were generally made 
under good conditions of drift and gave an approxi- 
mation of maximal deposition. When the drift was 
away from the border area or the amount of turbu- 
lence was high, the deposition rate was in tenths of 
pounds of dust per acre. When the slides were put 
50 feet or more into the woods, the deposition was 
so small that it was not measurable with this method. 
Stickel (1946¢) at comparable application rates found 
spray deposits of 0.05 pounds of DDT per acre (equal 
‘9 one pound of 5% DDT per acre) on the open 
forest floor and 0.008 pounds of actual DDT per 
acre (= 0.16 pounds of 5% DDT per acre) on the 
protected floor when the forest itself was being 
treated. Goodrum et al. (1949) found that an aver- 
age of 0.14 pounds of actual DDT reached the forest 
floor when it was sprayed at a rate of 3 pounds per 


Summary of number of arthropods collected 
Parathion. 


TABLE 14. 
on sheets in areas treated with 1% 





ARTHROPODS COLLECTED 


Estimated Per SHEET 
dust deposit Hours 

on edge Location of before 

vegetation sheet appl'n Hours after application 

lbs/acre 

24 | O | 12) 24/36/48 | 60 | 72 | 84 | 96 

none woods, 10’ from edge 1 10 

0.5 woods, 25’ from edge 2 

2 woods, 500’ from edge 4 8 5 

4 woods, 10’ from edge 39 5 6 

8 woods, 50’ from edge 18) 64 29 31 

8 woods, 5’ from edge 63 39 
10 woods, 15’ from edge 4 3 59 25 
10.. woods, 30’ from border 38, 0} 22) O| 12 
20 woods, 25’ from edge 120}127| 22 6 15 


EFFECTS OF THE INSECTICIDE ON 
INSECT POPULATIONS 

To determine which insects in the edge areas of the 
woods were being affected by the insecticide, bed 
sheets (72” x 96”) were spread on the ground in the 
woods, varying distances from the edge of the field 
to catch the falling insects. These inseets were col- 
lected at daily intervals and identified to family if it 
were easily possible. There seemed to be little evi- 
dence that these counts were diminished by feeding 
of birds or small mammals on sheet collections. Small 
mammals seldom go very far without leaving “fecal 
calling cards,” and observations of the birds from a 
distance did not reveal any striking tendency to feed 
on the sheets. 

Sheet tests indicated that there was a very rapid 
response of the insect population to the insecticide 
application. Within a matter of hours insects would 
start showering from the trees. Table 14 summarizes 
tests under varying application rates of 1% Parathion 
which were estimated directly from the number and 
size of particles on the leaf surfaces. Unfortunately, 
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TABLE 15. 


eollected on sheets in 


fied to family.) 


areas treated 


with 


1% 
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Identification to family of 1,290 arthropods 


Parathion. 
(Data after order name refers to individuals not identi- 








Percent Frequency 
Total in 7 areas 
ORTHOPTERA 
Blattidae Eh 1 
Gryllidae 1.0 1 
ISOPTERA Pi | 
COLEOPTERA ye 5 
Staphylinidae 2 2 
Cantharidae a 1 
Elateridae . 5 1 
Dermestidae oil 1 
Coccinellidae 
adult 4 1 
larvae ia | 
Cerambycidae a | L 
Chrysomelidae 3.8 ! 5 
Curculionidae 10.2 6 
HEMIPTERA 3 1 
Pentatomidae 4 1 
Tingidae . 17.3 5 
Reduviidae wl 1 
Nabidae 1.4 3 
Miridae 6 3 
HOMOPTERA. . 5 1 
Cercopidae 1.2 3 
Membracidae a } 2 
Cicadellidae . 4.2 5 
Fulgoridae 4 1 
Percent Frequency 
Total in 7 areas 
Chermidae 4 2 
Aphidae 4.2 3 
NEUROPTERA 1.2 ] 
Mantispidae uk 1 
Chrysopidae 1.5 4 
LEPIDOPTERA 
adult ES 4 
larva2 3.8 6 
Lymantriidae a 1 
Geometridae larvae. 1.0 3 
DIPTERA 9.5 7 
Tipulidae 2.3 4 
Chironomidae 3 1 
Culicidae 5 3 
Syrphidae 3 3 
Otitidae. 9 2 
Trupanidae al l 
Drosophilidae 1.6 4 
Muscoidea 2.5 5 
HYMENOPTERA 3.5 4 
Braconidae 1.5 5 
Ichneumonidae oe 1 
Andrenidae a 1 
Formicidae . 3.6 5 
ARACHNIDAE 10.2 7 
CHILOPODA. ‘2 2 
UNKNOWN ar 3 
operating conditions made it difficult to know the 


fields to be treated far enough 
treatment samples. 


in advance to get pre- 


However, there seems little rea- 


son to doubt that most of the inseets caught were in- 
exhibited 
Further- 
more, after a heavy initial mortality, the successive 


secticide mortalities, for 





many 


of them 
typical tremors at the time of collection. 
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daily catches decreased until levels approximating 
reference tests or areas receiving almost no dust were 
For the most part the affected arthropods 
centimeter in 


obtained. 
were small, usually not more than a 
length; and were predominantly snout beetles, lace 
bugs, leaf hoppers, small flies, and spiders. In areas 
of heavy application, small Lepidoptera larvae up to 
several centimeters in length were killed; but large 
insects seem to have been unaffected, for during these 
tests droppings from large larvae were conspicuously 
Table 15 summarizes the arthro- 
Though working 
Hoffman et al. 
small 


present at all times. 
pod catches for the seven areas. 
with DDT sprays in a forest 
(1949) found many of the 
arthropods to be most susceptible to the insecticide. 
Generally, the sheet located at the edge of the woods 
received a greater number of insects, a reflection of 
the lack of penetration of the insecticide into the 
woods for any great distance. 

EFFECTS OF THE INSECTICIDE ON THE Woop MOUSE 


area, 


same groups of 


1. Food Habits 

To determine whether changes in the food habits 
related to the treatment occurred, 163 
stomachs were examined. They were opened and the 
contents washed out with a small amount of water 
into a Petrie dish, and the various components were 
separated and classified under a steroscopie micro- 


insecticide 


scope. 

The examinations indicated that this mouse was a 
rather omnivorous species. A variety of identifiable 
animals and plants were found. 
than fruits is difficult to identify unless examination 
of cell types is done. Since this was not feasible, only 
some of the various fruits eaten were identified. In 
eating insects, the mouse shucks off the various hard 
parts, so that it is a rather rare event to find more 
than fragments of the antennae, legs, wings, mouth 
Most of 
were 


parts, head capsule, or hard body scutes 
the larval forms were carabiform, and 
keyed to the Carabidae (Chu 1949). A lesser pro- 
portion were eruciform, but it was not puss ble to 
key any of them to Lepidopterous families because of 
their macerated condition. 

The determination of adult and nymphal forms was 
equally difficult. Japanese Beetles (Popillia japon- 
ica), were the most often identified species. Other 
scarabs occurred occasionally, and small brown beetles, 
probably Carabids, occurred quite frequently. The 
Wood Roach (Parcoblatta pennsylvanica) and ants 
were found occasionally. Since both of these forms 
were common predators on the peanut butter bait, 
these may have been present in abnormal proportions. 
Because of the difficulty of determining even families 
of insects represented in the stomach contents, no 
attempt was made here to present them in more pre- 
cise form, since its accuracy would be questionable. 
It is recognized that most of the arthropods consumed 
were Carabids and Scarabids. 

Although Towsend (1935) considered Peromyscus 
to be chiefly vegetarian on the basis of their eating 
many plant species in the laboratory, Cogshall (1928) 


some 
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found that in addition to many plant species various 
animal species, chiefly arthropods, were also aceept- 
able as food. Hamilton (1941b) on the basis of stom- 
ach analyses of two species of White-footed Mice 
determined a large number of animals and_ plants 
eaten by these mice. Interestingly, his data are in 
close agreement both in regards to species eaten and 
frequency of occurrence of food types. He found 
insects represented in 71.4%, fruit in 52.3%, and 
starch material in 20.8% of 180 stomachs examined 
(compare with Table 16). 

TABLE 16. Percent of occurrence of various food ma- 


terials in 163 stomachs of wood mice in relation to sea- 
son and to insecticide treatment. 





| 
PERCENT OF OCCURRENCE 
IN STOMACHS 
July-August 


Food material May-June 


Refer- Refer- 


Dusted | ence |Dusted | ence 
Arthropods 
Larval 70 74 29 29 
Nymphal and Mature 50 62 68 78 
Plant Material 
Fruits 10 29 61 40 
Leaves (green material) 17 06 16 
Stems and roots (non- 
green) 20 27 13 16 
Unidentified 
Amorphous, including 
(peanut butter) 60 42 35 47 
Number of stomachs 10 77 31 45 


In a discussion of food habits of the Wood Mouse, 
Hamilton (1941b) lists the common slug as_ being 
found in the stomach analyses, and Cogshall (1928) 
reports captive mice eating slugs. In numerous ex- 
aminations in the present study, remnants were found 
that resembled the common slug, and the slug was 
abundant enough in the area to cause a considerable 
number of sprung traps. However, on three different 
occasions, live slugs were given to Wood Mice main- 
tained in the laboratory. Even though the mice were 
without food on one occasion, no attempt was made 
to consume the slug; and after a preliminary investi- 
gation no interest was shown in this mollusk. In 
fact, their movements up the sides of the jar attracted 
no attention. On the basis of these observations, the 
consumption of slugs by Wood Mice in this area is 
doubtful, these slug-like fragments 
were considered as larval remains. With the excep- 
tion of the slug, all of a variety of substances fed to 
the laboratory colony were accepted very readily. 

With the increased numberof insects available as 
a result of the insecticide mortality of canopy species, 
it might have been expected that there would be an 
increase in the prevalence of insects in the diet of 
mice caught in woods bordering on treated fields. 
However, there was no difference in the prevalence of 


somewhat and 
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arthropod food caten by mice in treated borders and 
mice in reference borders, larval forms, for example, 
occurring in about 70% of the stomachs of mice from 
both areas (Table 16). 

A seasonal trend in food consumption is indicated 
in Table 16. During May and June, larval arthro- 
pods occurred in about 70% and nymphal and mature 
arthropods in about 55% of the stomachs examined. 
In contrast, in July and August, only 30% of the 
stomachs contained larval forms while 70% contained 
nymphal and mature individuals. 
ner, plant materials, which in the early summer oe- 
curred in 30% of the stomachs, in July and August 
occurred in 60% of the stomachs. Although no at- 
tempt was made to correlate these statisties with the 


In a similar man- 


actual food populations, this seasonal trend seems 
logical; for insect populations mature and fruit ripens 
during the course of the summer, thus changing the 
amounts of available food. 
2, Pathology and Toxicology of the Insecticides 

DDT was the first in a considerable series of chlo- 
rinated hydrocarbons to be used for insecticidal pur- 
poses. Being fat soluble, it is readily stored in adi- 
pose tissue and is secreted in the milk (Woodward 
et al. 1945). Finnegan et al. (1949) also showed that 
DDT could cross the placental membranes. 

The lethal 
synapses where DDT causes a state of general facili- 


site of action seems to be the nerve 
tation followed by an irreversible block of these sy- 
napses, resulting in death (Dresden 1949). Although 
the nervous system is the lethal site of action, path- 
The 


liver, the principal detoxifying organ of the body, 


ologies are observed in many parts of the body. 


commonly shows centrolobular necrosis and fatty de- 
generation (Lillie & Smith 1944; Cameron & Burgess 
1945). 
cardiac and skeletal muscle as well as in the various 
parts of the central nervous system (Neal et al. 1944; 
Nelson et al. 1944; Calvery et al. 1945; Havmaker et 
al. 1946). 

Parathion is the newest of the organie phosphates 
to be used commercially. In contrast to DDT, it 
produces few pathological lesions; it is a strong in- 
hibitor of cholinesterase, producing lack of coordina- 
ton in the animal and death due to respiratory fail- 
ure (DuBois et al. 1949). Parathion is about 70 times 
as toxic to rats as DDT, the LD;,, for Parathion being 
3.5 mg/em; for DDT, 250 mg/gm (Lehman 1948). 

To determine if pathology resulted from the in- 
secticide program, liver tissue from 28 mice caught 
in borders treated with DDT and from 26 mice from 
reference areas were prepared with standard labora- 
tory techniques, mounted in paraffin, sectioned at 
8-10 microns. and stained with Harris’ hematoxylin 
and eosin. 


Lesons may also oceur in the kidney and 


Examination of the tissues revealed no 
evidence of central necrosis nor of any inerease in 
fattiness over tissues of the animals from reference 
Since no pathology was found in the liver, 
one of the most readily damaged organs, examina- 
tions of other tissue were not made. 


areas, 
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3. Trap Success 

Were the insecticide levels sufficiently high, some 
direct mortality might have resulted. Since dead in- 
dividuals would not be readily found in the woods 
because of their protective coloration and the abun- 
dance of scavengers, such population changes needed 
to be determined by differences in the trap success 
ratios of treated and reference areas trapped simul- 
taneously. If had resulted the 
ingestion of the insecticide, treated areas should have 


many deaths from 
had a lower trap success ratio than reference areas 
in the several days immediately following the treat- 
ment. That this was not true was indicated by a 
trap success of 7.3% in the treated areas and 6.8% 
in the reference areas (Table 17). 


TABLE 17. Relation of insecticide application to popu- 





lation density as measured by trap suecess. 
Effective Percent 
Treatment Population Areas| Trap | Mice | Trap 
Density * Nights Success 
1950 
DDT High 1 160 32 20.0 
Low 3 210 8 3.8 
Reference High 1 73 14 19.2 
Low z 120 3 2.5 
Parathion High 5 393 63 16.0 
Low 5 583 24 4.1 
Reference High 5 380 58 15.3 
Low 5 460 17 OY 
1951 
Parathion Low 15 1184 58 4.9 
Reference Low 14 949 42 4.4 
Total 
Parathion High S 393 63 16.1 
Low 20 1767 2 4.6 
Total 25 2160 145 6.7 
teference High 5 380 58 15.3 
Low 19 1409 59 4.2 
Total 24 1789 117 6.5 
ToTAL 
INSECTICIDE 29 2530 185 7.3 
ToTaL 
REFERENCE Zé 1882 134 6.8 


*Population density. 


High > 10% trap success 


Zz 
Low < 10%, trap success 


Conceivably, there might have been a chronic rather 
than an acute effect on the population through per- 
haps an accumulation of the insecticide in the tissues. 
However, a trap success ratio of about 9% in both 
treated and reference areas does not support. this 
hypothesis (Table 18). No tests of significance were 
made because of the obvious lack of difference be- 
tween these samples. 

If the insecticide was acutely toxie to immature 
mice, the proportion of the population composed of 
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TABLE 18. Relation of insecticide application to popu- 
lation density as measured by trap success in relation 
to time after treatment with Parathion. 
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TABLE 19. Relation of prevalence of pregnancy and 

number of visible embryos to insecticide dusting with 
Parathion. 





Time Number | Effective Trap 

after of Trap Success 

dusting areas nights Percent 
Parathion | short* es 7 469 8.7 
5 3 507 9.1 
Reference | short*...... 7 528 8.5 
eee 3 312 9.6 


*Short = within three days of dusting the area was trapped. 
tLong=10-30 days following dusting the area was trapped. 


immature mice should be lower in samples from re- 
cently treated areas than in samples from reference 
populations. Of a total of 107 mice trapped in 1906 
trap nights in areas treated with Parathion, 12.1% 
were immature. Of a total of 79 mice trapped in 
1553 trap nights in reference areas, 18.9% were im- 
mature. The difference is not considered significant. 
{. Reproductive Changes 

Rather than causing mortality of adult mice, it is 
possible for the insecticide to pass through the mother 
and to her young or in some way affect reproduction. 
Finnegan (1949) has shown that DDT will 
through the placenta; and being fat soluble, it will 
pass in the milk. Since most of the sampling of 
DDT-treated areas occurred during the July trough 
in the breeding, too few data on the prevalence of 
embryo resorption were available for analysis. 

Whether Parathion could act in the same manner 
was not known, but if it could, it was not present in 
large enough concentrations to produce measurable 
effects; for the prevalence of resorbing embryos in 
the Parathion-treated areas was 0.017 in contrast to 
0.014 in the reference areas, based on 119 and 219 
embryos, respectively. No test of significance was 
needed to indicate the similarity of these two sta- 
tistics. 

In a like manner the prevalences of pregnancy in 
the Parathion-treated (.47) areas and in the refer- 


pass 


ence areas (.58) were not significantly different 
(p = 0.20) (Table 19). If instead of using the 


weighted prevalency of pregnancy, the averages of 
unweighted values were compared, the variation was 
still insignificant. The data were so few that further 
subdivisions on the basis of population density or 
insecticide density were not possible. However, no 
consistent trends were present in a_ preliminary 
analysis. 
DISCUSSION 

Though the amount of drift of insecticide into the 
woods edge was quite variable, nevertheless enough 
drifted in to cause a considerable mortality of arthro- 
pods in this narrow strip of woodland bordering the 
field. However, the species most commonly found 
dead were small spiders, Carabids, Homopterans, and 
Hemipterans; large insects whether mature or im- 
mature seemed relatively unaffected. 

The arthropod population sampled by means of 





; | Average 
Number of | Number of 
As : Sexual!y | Prevalence Visible 
Treatment Number Mature of Standard Embryos 
of Areas Females Pregnancy Error | per Female 
Parathion 26 61 -475 -064 1 1 i 
Reference 48 99 .576 .050 | 3.8 


the sheet test was that of the tree canopy and of the 
understory. The species of the leaf litter and upper 
soil horizons were quite effectively protected from the 
insecticide by this litter unless they wandered out on 
top of the litter or onto bare ground (Hoffmann et al. 
1949). It was this protected arthropod fauna that 
seemed to comprise a major share of the mouse diet. 
Thus the normal food supply of the mice was not af- 
fected, and the mice did not take advantage of the 
increased food supply lying on the top of the litter. 

The amount of insecticide drift into the border 
areas was measured in tenths or hundredths of a 
pound of actual toxicant per acre. And since the 
vegetation on the edge of the woods effectively 
screened out the drift, probably only an area less than 
half the home range of the Wood Mouse was con- 
taminated. Thus since the mice did not take advan- 
tage of the insecticide-contaminated food, the oppor- 
tunity for their contacting and ingesting the insecti- 
cide was limited. 

However, the problem of chronie contamination has 
not been examined directly. Insecticide particles 
washed down from the leaves accumulate in the soil; 
under the pressure of four to six or more applica- 
tions cach vear, this residue might build up to a level 
that would subtly affect the arthropod population and 
perhaps, in turn, the Wood Mouse population. 


SUMMARY AND CONCLUSIONS 


The advent in the years since the close of World 
War II of the large-scale use of new insecticides 
brought with it potential dangers to wildlife. Re- 
search programs have thus far dealt principally with 
the effects of mosquito and forest inseet control pro- 
grams on birds and lower vertebrates. This study 
dea's with the effects of two insecticides, DDT and 
Parathion, as used in the commercial production of 
vegetable crops, on the populations of Wood Mice 
(Peromyscus leucopus) living in wooded areas ad- 
jacent to the crop lands. Seabrook Farms in south- 
ern New Jersey was the site of these experiments 
during 1950 and 1951. 

Wood Mouse populations living in the edge areas 
of woods which became contaminated by the drift 
from routine field insecticide applications by airplane 
were compared to mouse populations of reference 
areas by an effective trap night index hased on stand- 
ard trap lines run simulianeously in both areas. 
About 1030 Wood Mice were eaught during about 
25,000 trap nights. In order to know the experi- 
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mental animal as a basis for interpreting the data 
relating to the insecticide, an intensive investigation 
was made of the biology of the Wood Mouse, its 
growth and reproductive patterns and its relation to 
environmental factors. 

Physiological rather than chronological age criteria 
were established since they were more closely related 
to the role played by the individual in reproductive 
and behavior phenomena. Body weights and body 
lengths at which 50% of the individuals attained 
various pelage and reproductive conditions were de- 
termined. Sexual maturity (defined as the perfora- 
tion of the vaginal orifice in the female and the pres- 
ence of sperm in the cauda epididymis of the male) 
was attained by 50% of the individuals at a body 
weight of about 15 grams. 

Peaks in the reproductive season, extending from 
April to November, occurred in June and August 
when about 75% of the females with perforated 
vaginal orifices were pregnant. During July, the 
prevalence of pregnancy was about 30%; during the 
winter, small samples indicated no breeding. 
there were no fluctuations in the presence of sperm 
in sexually mature males correlated with the fluctua- 
tions in the prevalence of pregnancy and since sperm 
was present in mature males after pregnant females 
ceased to be caught in the fall, the condition of the 
female seemed to determine the extent of the breeding 


season. 


Since 


Variations in the prevalences of pregnancy ob- 
served in the 150 areas trapped could not be corre- 
lated with the population density. However, the 
prevalence of pregnancy was significantly higher in 
1950 than in 1951 when the population was depressed. 

The determination of the sex of 133 embryos indi- 
cated a sex ratio of 51.8% males. In the trapped 
animals, the percent of males inereased with each 
age class, until the sex ratio of the 19-22 gram class 
was 63.7% male. This shift in sex ratio appeared 
to be a function of the large home range of the sex- 
ually mature males. However, the sex ratio of the 
>23 gram class was 40.9% male. This reversal may 
have resulted from a differential increase in the male 
mortality rate of the oldest mice. 

No correlations between the variation in the nightly 
trap success and the variations in the night sky light, 
air masses, barometric pressure, and minimum tem- 
peratures proved possible. Variations observed were 
better explained by the decreasing trend in the trap 
success during the trapping period. Trap success 
data from different trapping periods thus seemed 
comparable, 

The amount of actual insecticide that drifted into 
the edge areas of the woods was found to be small— 
usually only a small fraction of a pound per acre. 
No evidence of the fatty degeneration of the liver 
characteristie of DDT poisoning was found in the 
microscopic examination of liver tissue from 28 mice 
caught in areas of contamination. The mice, as de- 
termined from stomach analyses, did not greatly util- 
ize the insecticide-killed arthropods falling from the 
‘anopy, possibly because these arthropods were small 
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and were not readily found in the leaf litter. Popu- 
lations of mice in areas of insecticide contamination 
showed no decrease in density when compared to 
populations in reference areas. The prevalence of 
pregnancy, litter size, and percent of young in the 
population were likewise unaffected. 

It is concluded that since both the amount and area 
of insecticide contamination of vegetated areas ad- 
jacent to fields were small, and since the ingestion 
by the mouse of insecticide was very small that popu- 
lations of Wood Mice living in border areas were not 
measurably affected by the insecticide treatments. 
However, this does not preclude the possibility of a 
gradual accumulation of the insecticides in the soil 
with resultant subtle changes in the insect populations 
and, perhaps, in turn, the Wood Mouse populations. 
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INTRODUCTION 


According to land office surveys of the mid-nine- 
teenth century, native deciduous forests occupied the 
major stream courses and tributaries in central Towa. 
Records dated 1847 for Story County, located in the 
geographic center of Iowa, reveal that forests oceu- 
pied 8% of the area. For the state as a whole, ap- 
proximately 16% of the land was originally wooded. 

Interest in the forest lands has been given impetus 
in the philosophy that such areas have a multiple-use 
potential in utilization, wildlife 
cover, soil conservation, and flood control. Informa- 
tion arising from past ecological studies of such lands 
is basic to our knowledge of forest development in a 
prairie region, and to the adoption of a sound policy 
of land use. 


wood recreation, 


The present investigation attempts further study of 
plant composition and environmental relationships of 
existing forest cover. For this purpose a number of 
suitable selected along the Des 
Moines River in and near the Ledges State Park, 
Boone County, Towa. 


forest sites were 
These site locations were ap- 
propriate for the study because a variety of slopes, 
aspects, 
limited 


and cover conditions were available within a 
area. Furthermore, the proximity of crop 
and pasture land to undisturbed forest communities, 
under similar conditions of climate, topography, and 
parent materials, made possible an evaluation of 
edaphie and micro-climatie changes caused by removal 
or depletion of the native forest cover. 

Sincere appreciation is expressed to Dr. J. M. 
Aikman, who directed this project; to Dr. F. F. 
Riecken for suggestions in the soils interpretations ; 


to Dr. A. L. MeComb and to Dr. J. C. Gilman for 


advice on the field studies and the manuscript, re- 
spectively; and to several statisticians for assistance 
In analysis of data. 
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RELATED STUDIES 
FOREST COMPOSITION IN A PRAIRIE REGION 
Based on composition studies in Iowa, Aikman & 
Gilly (1948) found three distinct woody communities 
on the uplands of the lower Des Moines River. In 
order of decreasing mesophytism, these were the 
maple-basswood association, the oak-hickory 
cies, and the hazelnut-dogwood-sumae shrub associes. 


asso- 


The maple-basswood association represents a transi- 
tion from the beech-maple climax, centered in Ohio, 
to the basswood consociation found along the Mis- 
River (Aikman 1929). In central Iowa, the 
maple-linden community represents the highest stage 
of forest development (Aikman & Smelser 1938). 
Dominants based on size, abundance, and degree of 
black maple, Acer 
nigrum, and basswood, Tilia americana. It was ob- 
served also that the black maple exceeded the west- 
ward extent of the sugar maple, Acer saccharum for 
a distance of 120 Maple-linden communities 
in central Iowa were found to be of a fragmentary 
nature, compared to the more general distribution of 


souri 


permanence were reported as 


miles. 


oak-hickory communities. 

In the broad regional area known as the Prairie 
Peninsula, the number of forest species and their 
abundance diminishes in a westerly direction from 
eastern centers of migration (Braun 1947). West of 
the Mississippi River, in Iowa and eastern Nebraska, 
the extension of the deciduous forest persists, con- 
centrated chiefly on dissected areas and along stream 
courses. 

EFFECTS OF ENVIRONMENT ON DISTRIBUTION 
AND COMPOSITION OF FORESTS 

The change in species composition and decrease in 
species number in the direction of decreasing humidi- 
ties implies the effect of climatic gradients upon plant 
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distribution. In an effort to determine the causal 
relationships which characterize the forest-prairie 
border, Transeau (1905) attempted to correlate cen- 
ters of plant distribution with temperature and rain- 
fall data on a regional basis. Neither of these factors 
was wholly satisfactory; however, rainfall-evaporation 
ratios delimited regional areas which coincided gen- 
erally with the east to west gradation from dense 
forest, through open forest and prairies, to the prairie 
on the eastern edge of the grassland formation. Ac- 
cording to Livingston & Shreve (1921), the evaporat- 
ing power of the air is a most important factor in 
plant distribution. Forest succession on the Missouri 
River was found to be influenced by rate of evapora- 
tion (Costello 1931). That present prairie climates 
are often unfavorable to tree growth has been noted 
(Albertson & Weaver 1945). 

In his presentation of grassland climates, Borchert 
(1950) ascribed the geographic relation of forest and 
prairie to the position of the North American conti- 
nent in the belt of the prevailing westerlies. It was 
stated further that the prairie was initiated in post- 
glacial times by the advent of a warm, dry period. 
A change to more humid conditions from this post- 
glacial period of dryness was, according to MeComb 
& Loomis (1944), the cause of the currently evident 
invasion of the prairie border by forest vegetation. 

Sauer (1944) emphasized the role of fire as a factor 
in aiding the eastward penetration of prairie during 
periods of dryness, and in retarding forest invasion 
between the time of change to more humid conditions 
and the beginning of white settlement. 

Studying composition and environment in northern 
hardwood stands in Michigan, Westveld (1933) ob- 
served that climatie factors influenced beech distribu- 
tion less than did the soil factors. Similarly, soil 
texture was found to be the most reliable indicator 
of site conditions according to Afanasiev (1948). 
Wilde (1933) also emphasized the importance of soil 
texture as a determinative factor in forest develop- 
ment. Soils containing 40 to 50% silt and clay coin- 
cided with the best site conditions, Haig (1929). 

In a report of the Society of American Foresters 
(1940), forest cover types were correlated with the 
general mo‘sture condition of the sites. Soil moisture 
was shown to modify the light requirements of trees 
(Burns 1925), who also cited data by Hartig which 
showed similar relationships. In his studies of light 
as an ecological factor, Shirley (1932) stated that 
root competition for moisture must be considered. 
According to Grasvosky (1929) reporting on Heyer’s 
work in Germany, forest reproduction did not fail on 
poor soil if moisture was adequate. The effects of 
soil moisture and aeration on seedlings of different 
forest species, and the adaptability of their root sys- 
tems are discussed by Holch (1931). 

High soil temperature at the surface was a factor 
in natural regeneration of coniferous forest in Colo- 
rado, Bates (1913). According to Toumey & Neeth- 
ling (1923), shallow-rooted conifers such as hemlock 
were killed by heat lesions resulting from high soil 


temperatures. Studies by Munch in Germany, cited 
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ol. 22, No. 4 
by Toumey & Neethling, showed that soil temperatures 
of 130° F were lethal to conifer seedlings. Informa- 
tion pertaining to the effect of the soil environment 
on tree growth and forest composition has been pre- 
sented in other investigations including Larsen (1929), 
Daubenmire (1936), Eggler (1938), Graham (1939), 
and Harper (1940). 
THE INFLUENCE OF ForREST VEGETATION 
oN Its ENVIRONMENT 

According to Craib (1925) comparatively little was 
known several decades ago regarding the degree to 
which forest vegetation, varying in species composi- 
tion and density, modifies the site factors. European 
investigators contributed to our early knowledge of 
the subject, which together with American work, has 
been reviewed by Zon (1927). More reeent treatment 
of the subject of forest influences is given by Kit- 
tredge (1948). 

Herein are brought together a number of pertinent 
references on the subject of influences of forest cover 
on separate factors of the local environment. 

In an in investigation of the effects of shelterbelts 
on wind, Bates (1911) reported reductions in wind 
velocities to leeward for a distance of 50 times tree 
height. Reductions in velocities were observed also 
by Stickel (1931), and Den Uyl (1936). 

The removal of forest cover has been found to re- 
sult in higher air and soil temperatures (Jemison 
1934). MacKinney (1929) reported that maximum 
daily variations in air temperatures were reduced 
85% in spring and fall by deciduous forest cover. 
Similar observations were made by Li (1926), who 
found that forest cover lowered monthly means for 
July, August, and September as well as daily maxima. 
The ameliorative effects of forest canopies and forest 
litter upon intensity and duration of high tempera- 
tures have also been reported in other investigations 
(Toumey & Neethling 1923; Aikman & Smelser 1938). 

The relation of evaporation to the influence of for- 
est cover on temperature and wind as well as humidity 
and insolation has been shown in plant succession 
studies (Cain & Friesner 1929). Evaporation losses 
were inversely related to cover density (Bates 1911). 
Bode (1920) studying forest areas in Iowa found that 
the forest cover exerted a direct influence in checking 
evaporation. Other investigators who have studied 
the relation of vegetative cover to evaporation report 
similar results (Fuller 1914; Weaver 1914). 

Tree survival studies in the Great Plains indicated 
that decreased wind velocities in and near shelterbelts 
resulted in inereased snow accumulation (Stoeckeler 
& Dortignae 1925). Other observers (Jaenicke & 
Foerster 1916; Connaughton 1929) reported retarda- 
tion of snow melt and lower snow densities under for- 
est canopies. The insulating effects of snow cover on 
soil profiles in decreasing frost action and maintain- 
ing high percolation in winter has been reported 
(MacKinney 1929). Less frost penetration and 
greater percolation was found under forest canopies 
than in open soils (Post & Driebelbis 1942; Driebelbis 
1949). Investigations of a similar nature (Sholz 




















October, 1952 


1938; Atkinson 1940; MacKinney 1929) also re- 
vealed less frost penetration under forest cover than 
in the open, although Belotelkin (1941) found soil 
freezing more severe in poorly drained spruce flats 
than in open areas. 

Craib (1925), comparing soil moisture in the for- 
est with open ground, found a decrease with depth in 
both habitats. During the dry perieds, however; the 
surface was drier than lower depths in the open. 
Little moisture was lost by direct surface evaporation 
under forest cover. In other experiments (Toumey 
& Kienholz 1931; Lunt 1939) it was shown that the 
zone of moisture utilization coincided with depth of 
root penetration. Moisture studies in farm woodlots 
(Diller 1937) indicated that the benefits of decreased 
surface evaporation were partially offset by transpi- 
ration According to Bates (1936) ground 
water replenishment occurs in winter and spring when 


losses. 


transpiration is reduced. 

Increased ratcs of infiltration under forest cover 
compared to burned and grazed areas have been re- 
ported (Craib 1925; Auten 1933). Organic matter 
and b ological activity associated with protected for- 
est floors keep the soil in a favorable structural con- 
dition (Bevan 1946). Cultivated soils were inferior 
to forest soils according to Aldefer & Merkle (1941). 
Results corroborative of the superior structural con- 
dition of undisturbed forest soils when compared to 
grazed and cultivated soils have been obtained by 
other investigators ineluding Burger (1929), Lowder- 
milk (1930), and Johnson (1940). 

The rate of decomposition of forest litter varies 
with its chemical composition (Waksman, et al 1928). 
A significant positive correlation between decomposi- 
tion and bases and nitrogen was reported by Broad- 
foot & Pierre (1939). According to Coile (1937) 
the calcium content of leaf litter had an important 
influence on the hydrogen ion concentration of the 
surface soil. Data presented by Chandler (1937) in- 
dicated that soil productivity was highly correlated 
with calcium content of the foliage. Leaves of hard- 
wood species contained more calcium than did those 
of conifers. Variations in ash and base content for 
different species have been tabulated by Alway, et al 
(1927, 1933) indieating species composition of the 
forest stand as a factor in the development of profile 
characteristics. 


METHODS OF PROCEDURE 


DESCRIPTION OF FIELD SITES 

A representative area of wooded terrain situated 
on the Des Moines River in central Iowa was selected 
for study. The area is located in Boone County, 
within the coordinates T83N, R26W, in Sections 9, 
16, 17, 20 and 21 (Fig. 1). 

The Ledges State Park is situated within the area 
described above in which were selected nine upland 
forest communities and two flood plain types. On 
the periphery of the Park boundaries, four grazed 
and two cultivated sites were chosen for comparative 
studies with Park communities. Woven wire exclos- 
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Fig. 1. Aerial view of study area showing forest pat- 
tern of varying densities. Light-colored fields are farm- 
land. The Des Moines River enters the area at the 


lower left. 


ures were erected on sites where domestic livestock 
endangered ecological instruments. <A total of 17 
sites, varying in physiography and plant cover were 
selected for the present problem. 

The terrain of the experimental area varies from 
rolling to very steep, broken topography, interspersed 
with poorly drained flats and dry, morainie ridges, 
Lees (1916). Till deposits of late Wisconsin glacia- 
tion vary from 40 to 90 feet in thickness, composed 
of clays, sands, and gravels. Caleareous materials 
occur within 3 feet of the surface, and occasionally 
are exposed in very steep positions. The till is usually 
friable and moderately permeable. 

The soils of the area are all drift-derived with the 
exception of the two bottomland locations. Classifi- 
cation of soil groups is based on the Boone County 
soil survey (1924), and where possible most recent 
revisions have been included (Riecken & Smith 1949). 
The sites selected for study represent six soil groups. 

I. Hayden, or Hayden-like soils: These soils oc- 
cupy medium slopes and ridge tops with good surface 
drainage. Surface horizons are acid, grayish-brown 
to yellow in color, and 6 to 8 in. in depth. The sub- 
surface exhibits limited leaching beneath which the 
soil becomes more dense, grading into calcareous till 
at 25 to 30 in. 

II. Ames series: Developed on level to nearly level 
topography, these soils are characterized by a blocky 
clay pan, overlain by a zone of light gray to nearly 
white, platy-structured subsurface soil. The surface 
is a light grayish brown, ranging from 4 to 6 in. in 
depth. 

ITI. 
drained forest sites on moderate slopes exhibit deeper 
and darker surface horizons than those which charae- 
Top soils are 8 to 10 in. deep, 


Clarion-Hayden intermediates: Several well- 


terize Hayden soils. 
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grading into yellow-brown, clay loam subsoil. 

IV. Rough-broken land: Included in this class are 
soils with shallow surface horizons, which are neutral 
to alkaline in reaction. The “B” horizon is indis- 
tinguishable. Yellow clay and gravelly till occasion- 
ally lie exposed on unprotected slopes. Gradients of 
50% are common. 

V. Storden-like soils: In this group are sites with 
grass cover predominant and occupying slope posi- 
tions. The topography is undulating to steep. Sur- 
face soils are light-yellow brown and porous, grading 
to heavy calcareous till at 20 to 30 in. Forest vege- 
tation is sparse. 

VI. Bottomland: The two floodplain communities 
lie within the area mapped as Sarpy silt loam. Both 
sites are subject to overflow although one lies 2 to 3 ft. 
above the other in elevation. Textural differences are 
found in the surface of these soils. The profile of the 
lower floodplain is structureless, consisting of over- 
flow sand and silt in the surface, grading into vari- 
able strata of grayish-black and brown to black loamy 
silt and sand. The upper floodplain exhibits greater 
accumulation of organic matter and a heavier texture 
in the surface soil. 

The field sites were located within a radius of 2 mi. 
Since the sites were small, each included an entire 
plant community with boundaries selected to eliminate 
border effects of These site-communities 
are described briefly as to cover type, soils, drainage, 


ecotones. 


aspect, and land use. 

Site I, an upland type, consisting of white oak, 
red oak, and shagbark hickory, located within the 
Park (not subject to grazing or cultivation) on an 
east-west, flat-topped ridge. The soil is Hayden or 
Hayden-like with good internal drainage. 

Site II, an upland type, predominantly red oak, 
within the Park on a south aspect adjoining Site I. 
The site oceupies a 50% slope and is classified as 
rough broken land. A steep slope afforded protec- 
tion on the south. 

Site III, an upland type of white oak and shag- 
bark hickory, outside the Park and subject to grazing. 
The soil is an Ames-like planosol with claypan de- 
velopment, but the surface horizon is darker than that 
of the typical planosol. The stand 
open park with medium to heavy sod cover (Den 
Uyl et al 1938). 

Site IV, an upland oak-hickory type, within the 
Park on flat topography similar to, and adjoining 
Site IIT. 
marked eluviation at 4 to 15 in. 
duction 


is ¢lassified as 


The soil is an Ames fine sandy loam with 
A shrub and repro- 
grass cover being 


understory is present, 
sparse. 

Site V, an upland red oak-basswood type located 
in the Park on a steep, north-facing slope opposite 
Site I], classified as rough-broken land. The top so'l 
is from 2 to 4 in. deep underlain by heavy caleareous 
till 

Site VI, an upland, sparsely wooded pasture out 
side the Park on undulating, well-drained topography 


27 in The soil is sinular t 


Caleareous till oeeurs at 


Storden loan 
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Site VII, an upland, sparsely wooded pasture out- 
side the Park situated on a well-drained ridge. A 
It is similar to Site I in 
profile development and drainage. 

Site VIII, an upland red oak-basswood type located 
within the Park on steep topography, similar to Sites 
IT and V. 


Site IX, an upland maple-basswood type in the 


heavy sod cover is present. 


Park on 30% east-facing slope. The soil is similar 
to descriptions of the Clarion-Hayden intermediate, 
Caleareous till oceurs at 30 in. 

Site X, an upland oak-hickory type located within 
the Park. 


on Site IV in profile development and topographic 


The soil is a planosol being similar to that 


position. 

Site XI, an upland position similar to and adjoin- 
ing Site X, but outside the Park, and presently under 
cultivation. 

Site XII, an upland white oak, red oak, and bass- 
wood type located within the Park on steep east- 
facing slope. It is classified as rough-broken land. 
The top soil varies from 2 to 4 in. deep. 

Site XIII, an upland pasture, sparsely wooded, 
outside the Park on 30% south-facing slope. This 
site has been cultivated in the past, but presently is 
covered by thin grass sod and forb vegetation. The 
soil is similar to Storden loam. Caleareous till oceurs 
at 15 to 20 in. 

Site XIV, an upland oak-hickory type in the Park 
on south-facing slope similar and adjacent to Site 
XITT. 

Site XV, an upland pasture, sparsely wooded, char- 
acterized by patchy grass sod and weed cover, located 
The pro- 
file exhibits Storden characteristics and is similar to 
those of sites VI and XIII. 

Site XVI, a bottomland type consisting of soft 
maple, and _ willow, located 
within the Park boundaries, on the Des Moines River. 
The 


sandy and tends to become droughty. 


outside the Park on 30% east-facing slope. 
boxelder, cottonwood 


surface soil is 
It is mapped 


Ground vegetation is sparse. 
as Sarpy silt loam. 

Site XVII, a bottomland type in the Park slightly 
elevated above Site XVI, consisting of elm, hackberry 
and walnut. Ground vegetation is heavy. The sur- 
face soil is less droughty than that of Site XVI, and 
is of heavier texture. It is also mapped as Sarpy 
silt loam. 

GENERAL CLIMATE 

Mean annual temperature in central Towa for the 
period 1899-1943 (U.S. Weather Bureau 1944) was 
18.9° F. The peak, 75.4°, occurred in July, the low, 
20.1°, in January. Rainfall averaged 31.5 in., June 
and January being high and low months with 4.4 and 


1.0 in. respectively 


VreGeTATION ANALYSIS 
One-tenth acre plots were laid out in a grid pattert 
on the representat sites 1, TL, TEE, TN and V for 
the purpose of determining spectes composition, siz 
al density of torest vewetation Sampling intensity 
Mf im ependnl ; » of the 
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area. Numbers of trees were recorded by species in 
1 inch diameter classes. Ages of random trees were 
determined with an increment borer. An Abney level 
was used in measuring slope gradients. 

Beginning with the pre-vernal aspect in 1949, ob- 
servations were made at weekly intervals on the date 
and duration of blooming of herbaceous species on 
all sites. 

A quantitative study was made of the forest floor, 
using randomized 1/16,000 acre sampling quadrats in 
Collections were made at the begin- 
Litter and duff 
separations were made during the actual collecting, 
of which the moist and dry weights were determined 
in the laboratory. 


quadruplicate. 
ning of the 1950 growing season. 


Samples of freshly fallen leaves of 5 species (white 
oak, red oak, shagbark hickory, black maple, bass- 
wood) were collected in October, 1949. 
lections were repeated following the winter season in 
May, 1950. Collections were made on a total of 9 
sites thus obtaining a representation of site variability 
in soils nad topography. 


Similar col- 


Leaf samples of these 5 
species were used for ash determinations, and for 
ealdum and magnesium analyses by the versenate 
method (Diehl, et al 1950). 
sible species differences in these criteria, as well as 


Thus were sought pos- 


relative rates of decomposition and nutrient return 
to the soil under natural conditions of weathering. 


CLIMATIC STUDIES 


During 1949, from late June to late September, 
evaporation studies were conducted on 11 sites (I, 
a, das, TV, V, Vit, Viti, TX, ATT, XIV). White 
bulb atmometers of the Livingston type were used in 
triplicate within each community, 1 ft. above ground, 
and were attended at intervals varying from 3 to 4 
days during July, to 7 to 10 days during August and 
September. The study was repeated in 1950; how- 
ever, due to uniformity of the evaporation rate on 
similar sites, based on 1949 data, the number of sta- 
tions was reduced to 6 (1, IT, II], 1V, V, VII). After 
periods of rain when no readings were taken, the 
water levels in atmometer reservoirs were readjusted 
and readings were resumed. 

Measurements of air and soil temperatures beneath 
the forest canopies were made with mereury-in-glass 
thermometers. These instruments were left in place 
from one reading period to the next, thus insuring 
temperature equilibrium at the time of reading. In 
struments measuring air temperature were housed in 
well-aerated 
ground, 


shelters approximately 1 ft. above 
Soil temperature measurements were made 
at the 1 in. level of mineral soil. The overlying litte 
and duff layers were undisturbed. Soil thermometers 
were covered by wooden, white-painted tubes, All 
thermometer readings were made during the after 
During 1950, soil 


temperatures were taken also at the 6 and 15 in. levels 


noon, at the same time each day 


Reeording thermographs were installed on sites I 
tl, X, and Xt] elected to obtain 


The * sites were 


general coverage of the experimental iren 


with 


Cont tert! reeordin inatrument 








As Eco.ogicaL Stupy OF A HAarpwoop Forest AREA 287 


Wet bulb depressions were observed with an aspi- 
rating psychrometer during 1949 and 1950. During 
the second year average wind velocities for short 
periods were obtained on the sites using a Tycos hand 
anemometer. These data were used in making limited 


comparisons only, and are not recorded here. 
SNow MEASUREMENTS 


A study of snow accumulation and rate of removal 
under different aspect and cover conditions was un- 
dertaken, beginning in the 1948-49 winter. Depths 
of each snow stratum were measured which differed in 
texture and density. Samples of known volume from 
each stratum were obtained, from which densities were 
determined upon melting in the laboratory. Depth 
measurements and densities of each stratum permitted 
the conversion of total snow and ice cover to actual 
inches of water. 


Som, SAMPLING FOR MOISTURE AND 
PROFILE ANALYSES 

During the 1949 season, from late April to early 
September, samples for the determination of soil 
moisture were obtained periodically from duplicate 
borings on all sites. Four depths in the profile were 
sampled, 0 to 6, 6 to 12, 18 to 30, and 30 to 42 in. 
Boring locations were selected on the basis of average 
conditions for the particular site. Samples were col- 
lected in air tight cans and weighed the same day. 
Moisture caleulations were made on an oven-dry basis 
following: drying*for-a 48 hr. period:at’105° C.; Sam- 
pling was repeated on May 1, 1950, by morphological 
horizons to a depth of 60 in. 

Duplicate soil samples for total nitrogen and or- 
ganic carbon analyses were obtained by morphologi- 
cal horizons to a depth of 60 inches. Samples were 
obtained in August, 1949. These were air-dried in 
the laboratory prior to analysis for nitrogen and ear- 
bon. Total nitrogen was determined according to a 
modified Kjeldhal method; organic carbon was meas- 
ured by dry combustion, AOAC (1940). All caleu- 
lations were made on an oven-dry basis. In May, 
1950, fresh samples were taken for pH determina 
tions, and for rechecking several carbon values based 
A Beckman pH meter was used 
Approximately 15 


on 1949 sampling. 
for soil reaction measurements. 
to 20 gm were used, to which enough distilled water 
was added to produce a consistency that enabled easy 
penetration of the glass electrodes. Two readings 
were taken on each duplicate sample. 

For the purpose of studying porosity and volume 


weight as criteria of soil structure, 2 undisturbed 
samples were obtained from each horizon in each of 
2 profile borings Sampling depth was 60° inches 
The Coile sampling ring was used for th 


(Cole 1936) 


Volume percentages of aeration porosity on und 
turbed samples were measured according to procedure 
desembed by Leamer & Shaw (141) Total volun 
of air and snl were ileulnted weing J.) ae the ope 
eithe ravit t «ly ‘ The difference i ob unteee 

‘ i’ ty the linplneed! enpallar saunter TLL , 

} " test L toetit ' 
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the aeration porosity. After completing porosity de- 
terminations of the Coile samples, the ratio of oven- 
dry weight of soil to the weight of an equal volume 
of water was calculated. This value is an expression 
of the volume weight of the soil. 
WILTING PERCENT DETERMINATIONS 

Soil sampled in August, 1949 at each of the 4 
depths, 0 to 6, 6 to 12, 18 to 24, and 30 to 42 in. in 
duplicate profiles, was allowed to air dry in the lab- 
oratory. Composite samples from both profiles were 
screened to remove stones and weighed out in tripli- 
cate. Number 2 rust-proof cans were used in which 
3 sunflower plants were grown. <A randomized block 
design was employed in arranging the in a 
In watering, care was taken to 


‘ans 
greenhouse bench. 
avoid complete saturation of the soil in each can. 
Watering was terminated when the plants averaged 
a foot in height, at which time the cans were sealed 


to prevent surface evaporation. After permanent 





Fig. 2. Closed stand community, 


site IV, showing 
shrub understory and enclosure of canopy. 





Fig. 3. 
crown development. 


Open woods community, site III, showing full 
Note absence of woody undergrowth 
and the presence of grass sod cover. 
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TABLE 1. Density and total basal area of principal 
forest species above 1 inch d.b.h. on representative sites, 





SITES 
Species -—- 

I II Ill IV \ 

White Oak 1 112 55 15 44 _ 
2 | 36 8.0 | 20.7 | 21.7 ~ 

Red Oak 1 38 17 - 28 59 
2 /|12.7 | 61.6 - 10.3 | 35.5 

Shagbark Hickory l 59 V4 12 19 _ 
2} S0. 3.3 7.6 | 4.5 ~ 

Bur Oak l - - i) _ ii 
Si = | ow Tied el 

Basswood 1 17 22 _ 10 42 
2 | 10.4 0.7 _ 2.2 \35.7 

Black Maple ] 7 8 _ _ 6 
ea 2s 0.2 om _ 3.0 

Ironwood 150 70 _ 20161 
2 6.3 2.0 = 155 6.3 

American Elm 1 _ ~ 5 _ 

2 - _ 5.7 = - 

White Ash 15 _ - 34 _ 

2 | 28 — _ 8.4 - 

Mise 1 1S 41 _ 7 62 
2)|\ 0.5 1.0 — La 4.8 

Total 416 399 41 162 | 330 
2/78.9 | 76.8 | 55.8 |149.7 | 85.3 

1 Density, trees per acre. 
2 Basal area, sq. ft. per acre. 

wilting, an approximate 100 gm sample was taken 


from the soil-root mass for weighing. Calculations 
of the wilting percent were made on the basis of the 
oven-dry weight. 


FINDINGS 
COMPOSITION OF THE VEGETATION 

Density and basal area per acre for species on for- 
est sites, I, II, III, [V, and V are presented in Table 
1. Comparison of these stand data indicates the 
dominance of white oak, Quercus alba and red oak, 
Based on per acre averages of the 
5 stands, these 2 species accounted for 39% of all 
stems and 65% of the basal area. The average diame- 
ter at breast height (d.b.h.) for red oak and white 
oak was 8.3 in. and 8.6 in. respectively. The average 
diameter for all species above 1 in. d.b.h. was 6.6 in. 
White oak was the predominant species on sites I, 
III, and IV, red oak on site II, and red oak and bass- 
wood, Tilia americana, in the most mesic situation, 
site V. Lesser associates found on these sites in- 
cluded shagbark hickory, Carya ovata; white ash, 
Fraxinus americana; black maple, Acer nigrum; bur 
oak, Quercus macrocarpa; elms, Ulmus americana and 
U. fulva; and ironwood, Ostrya americana. The 
latter was an important understory tree in undis- 


Quercus borealis. 
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turbed communities. The closed canopy and shrub 
and herbaceous understories characteristic of all un- 
disturbed stands are shown in Figure 2. In contrast, 
open, park-like stands with sod cover are exemplified 
in Figure 3. 

With the exception of a few species common to the 
floodplain, and a few others common to the prairie, 
shrub and woody vine flora were concentrated in the 
ecotone between oak-hickory woods and original prai- 
rie areas. Most of these latter species were found 
under sparse but undisturbed oak-hickory, becoming 


TABLE 2. 
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less common and more mesie through dense oak-hick- 
ory communities to maple-basswood. These species 
have been listed (Aikman & Gilly 1948). 

Table 2 lists the herbaceous flora, and season and 
duration of flowering on all sites during 1949. This 
shows that certain species are characteristic of par- 
ticular habitats, while others have a more general 
distribution. Observations made in 1950 were closely 
similar except that the average date of first pheno- 
logical activity was about one week later than in 
1949. 


Season and duration of flowering of herbaceous species on fcrest sites. 1949. 





APRII May 
Sites Species 
weeks. . ft 2s 411 2 3@ 
1.2 | Claytonia virginica L * ; x < 
2 | Carex pensylvanica L. = Bex Ss 
2 | Erythronium albidum Nutt.. ; a 
2 | Hepatica acutiloba DC.. xs 
2 | Isopyrum biternatum (Raf.) 
a! x 
2 | Sanguinaria canadensis m es 
1,2 | Ranunculus abortivus L. e 2x 
2 Viola sororia Willd.. . oe he Ss 
2 | V. papilionacea Pursh. x1 SX 
1 Anlennaria plantaginifolia L. x x1 = x 
l Capsella bursa-pastoris L. ef eR 
1 Taraxacum officinale Weber C1. x = 
2 | Phlox divaricata L. is =e = 
1 Lithospermum canescens “Michx. eo See 
1,2 | Podophyllum peltatum L. a ee 
2,3) Galium aparine L. % X= 
2 | Anemone quingquifolia . » Sa 
2 | Ranuculus septentrionalis Poir. = x s 
2 | Uvularia grandiflora Sm. a a 
2 | Thalictrum dioicum L. eS x 
2 | Mitella diphylla L. x *& x 
2 | Asarum canadense L.. c' x -s 
2 | Aguilegia canadensis I... © 
2 | Osmorhiza longistylis (Torr.) DC. x = 
2 | Hydrophyllum virginianum L. xx 
2 | Hydrophyllum appendiculatum 
Michx... ; > ae: 
2 | Geranium mac ulatum ‘4 x 
1 Oralis stricta L.. . x 
1 Potentilla arguta (L.) P ursh x 
1 Senecio aureus L... . Xx 
2 | Smilacina racemosa (L.) x 
2 | Polygcnatum pubescens (Willd.) 
so x 
2 | Taenidia integerrima ( (L.) Drude x 
1,2 | Pea pratensis L...... © 
2 | Sanicula canadensis L. x 
1,2 | Stellaria media (L.) _— 
l Trifolium repens L... . 
2 | Triosteum perfoliatum 3 
1 Cynoqlossum officinale L. 
Achillea millefolium L. 
»2 | Erigeron annuus (L.) Pers. 
2 | Galium concinnum T. & G. 
1 Verbascum thapsus L. 
1 Sisymbrium officinale (L.) Scop. 
] Verbena stricta Vent.. . 
2 | Menispermum canadense L. 
2 | Desmodium glutinosum (Muhl.) 
Wood ? 
1, 2.3) Prunella vulgaris L.. . . 
2, 3) Silene stellata (L.) Ait. 
1 3) Verbena urticazfolia L. 
1 3) Ambrosia artemisiifolia L.. 
1 Monarda fistulosa L. 
12 Nepeta cataria 1. 


JUNE JuLY AUGUST SEPT. 


xX 
xX 
xX 
x 
xX 
xX 
xX 
x 
x x se 
x xX x 
x x 
x x X 
x = - = 
x 
x 
x 
xX 
x 
xX | xX 
x |X 
xX |X 
x xX x x x 
x xXx X 
sis 2 
xX x X X 
x = =. Re Se 
x = 2 = ie 
zs & 2 3 
x 2 @& F 
x X X x XxX 
a = an 
= 2 x 2° Ss 
x ae: 
xX xX x & x 
x i * = 
x X X 
x 2 | 
> > =m 
x X X X 
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APRIL May JUNE JULY AUGUST Sept. 
Sites Species 
nn: Aono 2. ee 2 eels 2 8 S11 2 Se ali 2 6 41k 2 Bu 
1 | Heliopsis helianthoides L. kx <= 
1,2 | Veronica virginica L. x © SiR 
1 | Eupatorium purpureum L. a oe Be ee 
2, 3} Campanula americana L. ‘2 ee 
2 | Geum canadense Jacq.. . x x x 
2 | Lappula virginiana (L.) Greene a ee 
2 | Phryma leptostachya L. x xis 
1 | Abutilon theophrasti Medic K 7x) x & 
2 | Aster sp. eee ‘xis =x « 
1,2 | Helianthus strumosus L. . £1 Se & 
1 Cirsium altissimum L...... . x xX} xk & = 
1 | Verbena bracteosa Lag. & Rodr.. x xix x x 
2 | Agastache nepetoides L.. |x = x 
2 | Solidago ulmifolia Muhl...... xix & x « 
1 | Arctium minus (Hill) Bernh.. . . k x & 
3| Impatiens pallida Nutt. zk Bie 
2, 3| Eupatorium = Houtt. a a os ae ae 
3| Ambrosia trifida L.......... : Sts Ex 
1, 3) Helianthus tuberosus L. x ©) x x x 
ee ke 


1 | Eupatorium serotinum Michx. . 





*Scientific names are e mn with ae 4 recent manuals by Deam (1940) and Jones (1945). 


1 Including sites III, I, XI, XIII 
2 Including sites I, ir iy WV, 1x.  & Xil, xiv: 
3 Including sites XVI. XVII Flood plain locations, alluvial soils. 


Forest FLoor STUDIES 

Spring collections of litter and duff, expressed as 
pounds of dry matter per acre, are presented in 
Table 3. Actual moisture content of the litter and 
duff at time of sampling i is shown, indicating greater 
amounts of water held in the latter. A comparison 
of the per-acre yields of litter and duff indicates that 
the latter comprises a much greater percentage of the 
total dry matter present on the forest floor. In the 
grazed-woods sites, the cover of the forest floor was 
discontinuous and scant, tending to be scattered by 
the wind. Figure 4 shows the pre-vernal aspect of 





fence boundary between 
illustrating barren sod cover and heavy 
respectively. 


Fig. 4. Pre-vernal conditions: 


sites III and IV, 


litter accumulation, 


Open woods or pasture, reproduction and litter cover absent, surface soddy or exposed. 
Closed woods, surface litter covered. 


the forest floor of sites III and IV, 
woods and closed stand communities. 

Total ash data for fall and spring leaf collections 
of 5 tree species, white oak, red oak, shagbark hick- 
ory, basswood, and black maple, are given in Table 4 
Ash percentages of the spring collections are higher 
than those of the fall samples. Ash values for white 
oak and oak are lower than those for hickory, 
basswood, and maple. Percentages of calcium plus 
magnesium on the bases of total ash and dry leaf 
weight are presented in Table 5. As in the case of 
total ash comparisons, percentages based on dry leaf 
weight are lower for both oak species than for the 
other Values based on total ash did not 
show similar trends. 


adjacent open 


red 


3 species. 


and duff and their mois- 
April, 1950. 


TABLE 3. 
ture content, 


Quantities of litter 
based on dry weight, 





PouNDsS MoIsTURE AT 


Sites* PER ACRE Total | Samptinc—% | Duff 
re 
inal iri igs € 
Litter | Duff Litter “Duff Total 
g 4,100 | 9,900 |14,000 59.7 110.0 | 70.4 
Il. 2,900 |13,300 |16,200 | 30.1 | 100.1 | 82.0 
III - - 4,500 - - - 
IV....| 4,500 |10,700 15,200 | 83.0 | 220.1 | 70.5 
V. 2,100 |13,900 116,000 | 71.5 | 120.2 | 87.0 
| oa - - Trace — = <i 
VII. - — Trace — — 3 
VIII. 2,800 | 7,500 |10,300 | 25.7 92.7 | 72.4 
IX....| 2,500 | 8,800 |11,300 | 30.9 | 110.6 | 78.1 
X....| 4,800 |10,600 15,400 | 80.5 | 200.1 | 68.4 
Xil....| 2,500 |10,500 |13,000 35.0 95.0 | 80.8 
XIII. = = 1,700 - - “= 
XIV. 3,000 (11,200 |14,300 | 59.1 | 112.7 | 75.1 
_ <a - Trace _ - = 


*III, VI, VII, XIII, XV, open woods commnities, others with closed canopies. 
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TABLE 4. Mean ash percentages of fall and spring leaf 
collections of five tree species. 





Sites Site 
Species Aver- 
age 

I II IV V |VIW} IX | X | XI 
White Oak Fi = — | 7.06) — ~ - - — | 7.06 
S| 8.50) — | 9.97) — - — | 8.87| 9.25) 9.97 
Red Oak Fi - — | 4.93) 4.34) — | 4.63) — — | 4.63 
S | 6.90) 6.40) 6.21) 5.40) — - 5.45) 6.35) 5.80 
Shagbark Hickory.) F | — — {11.61) — - - — — |11.61 
S$ |12.21; — |12.75) — (10.46; — (10.48) — {12.75 
Black Maple F = - — |10.26) — |10.67) — — |10.46 
NS] - - — |15.51;) — |14.80) — — |15.15 
Basswood F - — |10.10)10.48) — |11.06) — — 110.55 
8 - — /|12.80/15.41 14.85/13.40) — — {13.89 


TABLE 5. Calcium plus magnesium expressed as per- 
centage CaO in the ash and in the dry leaf matter of five 
tree species.* 





Time OF LEAF COLLECTION 


Fall Spring 
Species = ae — re 
CaO+ CaO+ CaO+ | CaO0+ 
MgO |MgODry| MgO | MgO Dry 
Ash Matter Ash Matter 
Red Oak. ... 50.71 2.51 39.18 2.42 
White Oak..... 37.61 2.66 31.00 2.98 
Shagbark Hickory| 34.55 4.01 46.75 6.04 
Black Maple 43.05 4.59 31.50 4.66 
Basswood... .. 64.79 6.89 44.00 ».67 





*All leaves collected from site IV with the exception of Black Maple, obtained 
from site IX. 


VARIATIONS IN THE MICROCLIMATE 


Maximum temperature data for air and soil during 
the period June 21 to July 20, 1949, are shown in 
Table 6. Soil temperatures at the l-inch level ex- 
ceeded air temperatures on only the open, south-facing 
slope of site XIII. On the adjacent forested slope 
having the same aspect, site XIV, soil temperatures 
were 10 to 15 degrees lower than respective air tem- 
peratures. This differential between air and_ soil 
temperatures was observed on all forested sites where 
unbroken canopies and continuous forest floors pre- 
vailed, regardless of the aspect or the degree of slope. 
Air temperatures on these sites were also lower than 
those on open woods sites, the magnitude of differ- 
ence ranging from 4 to 8° F between adjacent com- 
munities on similar topography. 

Temperatures taken in 1950 were similar to those 
of 1949. Soil temperatures, based on 1950 measure- 
ments, May 15 to July 15, at 1, 6 and 15 in. levels 
indicate a downward gradient with depth on all sites. 
The greatest differences between 1 and 15 in. occurred 
on open woods sites, amounting to an average maxi- 
mum difference of 16.1° F on site III, open woods. 
The smallest gradients for the same period, May 15 
to July 15 occurred on the forested, plansosol sites, 
amounting to only 2.8° F on site IV. On open woods 


AN EcoLoGIcAL STUDY OF 


A Harpwoop Forest AREA 29] 

TABLE 6. Mean maximum air and soil temperatures, 
June 21 to July 20; mean daily evaporation rates from 
Livingston Atmometers, June 21 to September 20, 1949. 





TEMPERATURE— F 
Evaporation 


Site Air Soil ee per day 
1 ft. above 1 in. below 
ground surface 

I 85.4 69.8 15.0 
II 83.5 70.5 12.9 
III 87.8 85.0 23.0 
IV 83.9 69.5 13.6 
V 82.2 68.7 10.5 
VII 89.0 84.5 25-2 
VITI 85.4 71.9 10.9 
IX 82.8 70.4 11.6 
X 82.5 uo iso 
XIII 90.5 92.6 ie 
XIV 82.8 71.9 13.4 


III, VII, XIII, open woods communities, others with closed canopies and 
litter floors. 
sites; temperature gradients averaged 100% greater 
between 1 and 6 in. than between 6 and 15 in. In 
contrast, soil temperature changes showed only grad- 
ual decreases under heavy forest floors of 
stands. 

Mean daily evaporation rates for 1949 are presented 
in Table 6. Consistently high rates throughout the 
season were recorded for open woods sites. Although 
values are lacking for sparsely wooded site VII from 
June 21 to July 1, the data for the remainder of the 
season are consistent with those of similar sites ITT 
and XIII for the same period. Results of 1950 evapo- 
ration studies indicated similar trends among com- 
munities although the magnitudes of difference were 
less than in 1949 because of the generally more humid 
weather conditions in 1950. 

Winter studies revealed that density of forest and 
shrub cover was an important factor in snow aceumu- 
lation retardation of thawing. Snow depth, 
measured periodically during two seasons, averaged 


closed 


and 


35% greater under closed stands than under adjacent 
open woods types on similar topography. This in- 
crease in snow depth when converted to water equiva- 
lent, however, was reduced to a 9% difference, indi- 
cating greater snow density under open stands. 


Sor. MomsturE VARIATIONS IN THE 
PLANT COMMUNITIES 
Moisture trends in each community, according to 
date and depth of sampling, are illustrated-in Figure 
5. Mo’sture decreased in all horizons on all sites as 
An exception is the 
upward trend in moisture content of the 0 to 6 in. 
depth on June 29. 


the growing season progressed. 


Sampling on this date was pre- 
ceded by a 3-day rainy period when more than one- 
half inch of rain was recorded. Increases in moisture 
were not shown in the lower depths on this date. Soil 
moisture was usually less in the surface layers than 
in the subsoil of open woods sites, beginning as early 
as May 7. On 2 of these sites, VII and XV, soil 
moisture in the surface approached the wilting per- 
centage by June 10. 
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Fic. 5. Field moisture trends at 4 levels in the 17 profiles. 1949. 


In closed stands the moisture content of the sur- 
face layer was higher than in open woods sites, al- 
though the magnitude of difference diminished with 
protracted dry weather as the season progressed. 
Differences in moisture between open and closed 
stands diminished also with increased depth in the 
profile. Soil moisture was marked by less fluctuation 
in lower levels on all sites. A summary of field mois- 
ture variation between categorical open woods and 
closed stand communities is shown in Table 7. De- 
terminations made on May 1, 1950 showed similar 
field moisture conditions in profiles. 

Available soil moisture data for each depth relating 
date, site, and cover conditions are presented in Fig- 

TABLE 7. Average soil moisture for upland forest pro- 
files grouped as closed stands (Group I), and open woods 
(Group IT). 1949. 





SampuirnG Deptu 
INCHES 
Cover Classification - 
0-6 6-12 | 18-24 30-42 
Group I, including communities 
I, II, IV, V, VIU, IX, X, 
XII, XIV : 
Group II, including com- 
munities III, VI, VII XI, 


19.0 13.8) 14.0 16.1 


i 11 be © fae Sapir 10.9, 10.0, 13.0 18.0 
Field moisture of Group I 

greater of less than — 

II—% Praihe ..-|+74.3]/4+38.0)+19.2)—10.5 





ures 6, 7, 8, 9, and 10. These data were calculated 
for each depth in each profile by deducting the cor- 
responding wilting percentage from the actual mois- 
ture determined for that date. Soil moisture dropped 
below the wilting percentage in the surface zones of 
open woods sites having sod cover (III, VII, XI) by 
July 12, and the subsurface layer of site XIII by 
August 3. At no time did soil moisture become un- 
available in the surface zones of adjacent closed 
stands. Moisture in the subsoil did fall below the 
wilting percentage, however, on forest ridge sites (I, 


XIT) by July 12, and on the forested south aspect 
(II) by August 3. With no significant amounts of 
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Fic. 7. Available soil and moisture trends in profiles 


of site III, open woods flat, and site IV adjacent for- 


ested flat. 
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Fig. 8. Available soil moisture trends in profiles of 
site X, forested flat, and site XI, adjacent cultivated 
flat. 
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Fig. 9. Available soil moisture trends in profiles of 
site XIII, open woods south slope, and site XIV, adja- 
cent forested south slope. 


precipitation having fallen after June 29, available 
moisture decreased steadily on all sites, particularly 
in the upper horizons. 
PuysicaL AND CHEMICAL CHARACTERISTICS OF SOILS 
Mean values for aeration, capillary, and total po- 
rosities, and volume weights by morphological horizons 
of representative sites are given in Table 8. A gen- 
cral decrease in aeration porosity (air spaces of radii 
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Fig. 10. Available soil moisture trends in profiles of 
site II, forested south aspect, and site V, opposing north 
aspect, forested. 


drained of water when subjected to 40 em of tension) 
occurred with increasing profile depth. Differences 
in aeration porosity values of the surface horizon were 
very marked, varying from 6.6% for the cultivated 
planosol, site XI, to 34.5% for maple-basswood slope, 
site IX. 


ties occurred in underlying horizons of profiles of 


No consistent differences in aeration porosi- 
adjacent communities, however. Capillar, porosities 
(air spaces of radii holding water in excess of 40 em 
tension removed by oven-dry:ng) showed only minor 
and inconsistent trends with increasing profile depth. 
Differences in capillary porosities between compar- 
able horizons under adjacent closed stand and open 
woods sites were insignificant or non-ex:st. nt. 
Volume we'ghts were lowest in the surfa’e horizons, 
and in most profiles increased sharply in the subsur- 
face and subsoil horizons. Based on the criteria of 
porosity and volume weight of the surface horizon, 
the most favorable soil structure occurred under for- 
est communities having heavy litter covers. Structure 
was less favorable under open stands where litter was 
Strue- 
subsoil 


sparse, and was poorest under cultivation. 
tural of the subsurface and 
horizons in all profiles regardless of forest density or 
treatment differences showed little or no variation. 
The greatest amounts of total nitrogen and organic 


characteristi¢s 


carbon occurred in surface horizons, and diminished 
sharply with increasing depth in the profile. Total 
nitrogen in the surface varied from 0.041% on grazed 
and sparsely wooded south slope, site XIII, to 0.352% 
Carbon 
In several 


on maple-basswood slope, site IX. values 
varied by a similar range of magnitude. 
subso:] horizons, only a trace of nitrogen, or less than 
0.005% Carbon and nitrogen values 
for subsoil horizons in all profiles regardless of forest 
density ov treatment differences showed no signifi- 
cant variations. The C/N ratios were highest gen- 
erally in the surface horizons, and tended to diminish 
Carbon and nitrogen 


Was measured. 


w-th increasing profile depth. 
data are presented in Table 9. 

Soil reaction values (Table 9) ranged in the sur- 
face horizons from pH 5.7 on forested planosol, site 
IV to pH 7.5 on steep, forested slope, site XII. The 
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TABLE 8. Aeration, capillary, and total porosities, and 


volume weight of horizons for representative profiles. 


TABLE 9. Total nitrogen, organic carbon, C/N ratio, 


Ecological Monographs 
Vol. 22, No. 4 


and soil reaction for representative profiles. 





Porosity —% 


Sites Depth —-— Volume 
Inches | Aeration|Capillary; Total | Weight 
If 0-2 25.5 33.8 59.3 1.01 
4-10 12.5 32.5 45.0 1.40 
10-20 7.2 33.3 40.5 1.35 
22-36 5.1 34.0 39.1 1.51 
40-60 9.5 34.2 43.7 1.42 
III* 0-3 11.9 33.5 45.4 1.26 
2-4 8.4 38.0 46.4 1.42 
5-12 9.1 35.9 45.0 1.46 
12-24 3.8 41.2 45.0 1.46 
24-36 2.2 35.1 37.3 1.61 
40-60 5.9 33.4 39.3 1.60 
IVt 0-2 25.9 40.1 66.0 0.99 
4-15 12.0 34.1 46.1 1.43 
15-24 5.2 41.4 46.6 1.42 
24-30 6.9 38.3 45.2 1.45 
30-42 1.7 35.4 37.1 | 1.59 
42-60 1.0 38.6 39.6 1.67 
VII* 0-2 15.2 34.8 50.0 1.27 
2-4 10.1 33.5 43.6 1.35 
5-10 9.0 31.7 40.7 1.42 
10-18 2.4 35.5 37.9 1.48 
18-30 3.7 34.5 38.2 1.50 
40-50 0.0 43.5 43.5 1.49 
50-60 3.0 33.8 36.8 1.51 
IX} 0-2 34.5 28.2 62.7 0.99 
2-6 20.6 35.0 55.6 1.17 
6-12 15.1 29.5 44.6 1.46 
15-30 6.4 33.1 39.5 1.55 
36-50 9.6 33.3 42.9 1.51 
50-60 5.5 31.6 37.1 1.67 
Xt 0-2 24.7 41.2 65.9 1.09 
24 10.1 41.9 52.0 1.27 
4-15 9.6 32.8 42.4 1.52 
15-24 1.8 36.8 38.6 1.48 
24-40 2.1 40.0 42.1 1.52 
40-50 8.2 37.6 45.7 1.43 
0-60 12.3 29.8 42.1 1.52 
XIt 0-6 6.6 33.4 40.0 1.42 
6-12 6.6 39.1 38.5 1.58 
15-24 5.8 31.3 37.1 1.66 
42-60 10.7 32.9 43.6 1.49 
XIII* 0-5 6.8 37 .¢ 44 1.46 
6-20 3.3 32.2 35.5 1.54 
50-60 15.7 _ — 1.25 
XIV{ 0-2 28.9 34.8 63.7 1.01 
10-28 6.2 35.9 42.1 1.38 
42-60 4.5 39.0 43.5 1.34 


*Open woods communities, previous cultivation among trees on XIII. 

tUnder current cultivation. 

tClosed stand communities. 
subsoils were generally neutral to alkaline in reaction, 
with the exception of the four planosol sites, III, IV, 
X, XI, in whieh horizons above 30 to 40 in. were acid. 

DISCUSSION 

The deciduous forest in central Iowa is restricted 
chiefly to drainage systems. Inter-stream lands are 
comprised of a relatively flat till plain, originally oe- 


cupied by prairie. Land survey notes indicate the 





Sites Depth 
Inches 


If 0-1 
1-3 
4-8 

10-20 

22-36 

40-60 


III* 0-2 
24 

4-12 

15-24 

2440 

45-60 


IVt 0-1 
24 

4-15 

16-30 

30-40 

40-60 


VII* 0-2 
24 

4-10 

20-30 

40-48 

50-60 


at 0-1 
4-15 
16-24 
30-440 
45-60 


XI+ 0-6 
6-12 
12-18 
18-36 
40-60 


XIII* 0-5 
5-24 
30-42 
50-60 


XIVt 0-1 
15-30 
40-60 


Total 


€ 


0.272 
0.181 
0.087 
0.010 
Trace 
0.009 


0.281 
0.151 
0.063 
0.045 
0.028 
0.026 


0.336 
0.094 
0.053 
0.030 
Trace 
0.021 


0.233 
0.133 
0.060 
0.010 
0.021 
Trace 


0.352 
0.152 
0.050 
Trace 


0.332 
0.056 
0.040 
0.028 
0.009 


0.062 
0.047 
0.023 
0.013 
0.009 


0.041 
0.065 
0.022 
0.010 


0.228 
0.028 
0.006 


Organic 
Nitrogen| Carbon | C/N 
07 07. 


c 


1.39 
0.58 
0.23 
Trace 
0.24 


3.40 
0.56 
0.16 
0.06 


4.00 
1.50 
0.56 

Trace 


3.37 
0.70 
0.20 
0.04 


0.70 
0.57 
0.26 
0.12 
0.01 


0.51 
0.66 
0.20 


Ratio 


13.0 

D4 
10.0 
10.6 


8.8 


13.8 
10.6 
9.2 
9.6 
10.0 
10.4 


12.¢ 
1 
1 


NO bo 
“IQ = Go 


pH 


6.0 
5.9 
5.6 


“NsJ 
— 
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_ 


=a 
a 
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*Qpen woods communities, previous cultivation among trees on XIII. 


+tUnder current cultivation 
tClosed stand communities 


paucity of forest a century ago; disturbance since 
then has altered its extent and composition. 

Vegetation studies by Aikman & Smelser (1938) 
show, in general, the prevalence of oak-hickory com- 
munities as the main component in the central Towa 
forest, with localized distributions of black maple and 
basswood stands. Evidence based on present stand 
compilations indicates similar densities and distribu- 


tions. 


Forest heterogeneity in grazed oak parks to rela- 
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tively closed stands of mixed species provided a basis 
for studying interrelations of cover and environment. 
The data indicate sharp gradients in temperature and 
evaporation between stands which can largely be at- 
tributed to density and structural effects. Significant 
variations in soil water trends are due to several in- 
terrelated factors, all of which directly or indirectly 
are influenced by density and composition. Of par- 
ticular significance, also, are profile changes associated 
with stand depletion, the ensuing changes in litter 
yields and decomposition rates, and subsequent tran- 
sition to grass sod ground cover. 

Numerous studies have shown that nutrient content 
of forest litter varies among species. Furthermore, 
according to evidence by Broadfoot & Pierre (1939) 
and others, positive correlations occur between cer- 
tain chemical properties of leaves and decomposition 
rate. Litter of species with characteristically low 
nutrient oaks slowly, 
whereas the converse was true for hickory whose lit- 
Consequently, it would 


levels such as decomposed 
ter is high in mineral content. 
seem that species composition of the stand, either the 
result of normal disturbance factors, 
bears an important relationship to soil productivity 
and profile development. The work of Alway, et al. 
(1933) indicates an increase in total ash and various 
the 


succession or 


nutrients in pine to hardwood succession in 
Minnesota. 

Evidence has been presented showing that the leaf 
litter of maple, basswood and hickory is characteris- 
tically higher in ash than that of oaks. These species 
having higher total ash also were high in calcium and 
magnesium, when based on dry leaf weight. On a 
per unit ash basis, however, the results were variable. 
The significance of this inconsistency would indicate 
that greater quantities of calcium and magnesium in 
leaves are related simply to high ash content, and not 
necessarily to qualitative differences in the ash. 

As the data of Coile (1937) and others indicate, 
site potential is an important factor in the considera- 
tion of nutrient content in litter. Species with high 
nutrient levels are usually those associated with soils 
or parent materials well supplied with the mineral in 
question. The present total ash data (Table 4), how- 
ever, would suggest an inherent consistency among 
species regardless of site variation. Perhaps site 
variation, here based mainly on topographic and ero- 
sional differences, does not necessarily afford a real 
basis of variation regarding nutrient potential, con- 
sidering the presence of a common parent material. 

The significance of apparent increases in total ash 
after 6 months of field weathering indicates that vola- 
tile matter was leached at a relatively faster rate. 
During spring collection of litter samples it was ob- 


served that the typically thin leaves of basswood 
showed the greatest degree of decomposition, and 


those of oak species the least. These differences are 
in agreement with the species’ relative mineral con- 
tent. The characteristically high tannin content of 
oak litter in general is considered significant in re- 
tarding decomposition. 

Present data have indicated that under summer 
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conditions the climate in closed forest differs markedly 
from that in open stands or fields. Diurnal tempera- 
tures of both air and soil during hours of maximum 
insolation are reduced sharply under dense canopies. 
This reduction is attributed to the absorption of heat 
by the crowns, and to the insulative protection of the 
The 
more pronounced during periods of maximum tem- 
On cloudy days, when radi- 


forest floor. influence of forest vegetation is 
peratures and insolation. 
ation was reduced, the temperature differential was 
also reduced, particularly of the air. The suppres- 
sion of air temperatures in the open by the cloud 
canopy is probably the main reason for minimizing 
temperature variations. It is significant to note that 
the climate in the forest is least affected by changing 
light intensities, and it would seem that this decrease 
in temperature fluctuation is a direct function of for- 
est density. 

The forest and the litter floor are particularly in- 
fluential in reducing soil temperatures. Midafternoon 
temperatures of the soil surface were always below 
those of the air, whereas, under sparse litters in the 
open, temperatures often exceeded air values. This 
Studies of 
the relative effectiveness of the canopy compared to 


was particularly true on south aspects. 


the forest floor, according to Li (1926) and Toumey 
& Neethling (1923), indicate that the canopy is the 
more effective in reducing soil temperatures. 

The factors operative in minimizing temperature 
extremes and fluctuations under forest canopies are 


also significant in reducing evaporation rates. This 
interrelation is indicated by the present data. Low- 


est rates occurred under the most dense canopies, 
other external factors such as aspect and slope being 
the same. The reduction of wind movement under 
canopies, while not considered singly as important as 
lowered temperatures, nevertheless is a contributive 
factor in decreased water losses. Topographic situa- 
tion was a more important factor in reducing wind 
movement, and it was a combination of slope protec- 
tion from hot winds and dense canopies which re- 
sulted in the lowest average rates and smallest diurnal 
fluctuations in atmospheric humidity. The single most 
important influence through which minimal fluctua- 
tions in atmospheric plant growth conditions are af- 
fected by forest canopies is considered to be the modi- 
fying control of temperature. 

The ecologic importance of available soil moisture 
Significant variations in available 


is well known. 


moisture exist between proximate forest 


stands of this study which differ in density and strati- 


patterns 
fication of vegetation. Deficiencies in available water 
occurring in upper horizons of sparse stands are at- 
tributed in part to greater evaporation potentials 
which do exist. Soil temperatures as previously dis- 
cussed frequently were shown to exceed air tempera- 
Under these conditions, 


tures. pressures of 


surface zones exceeded those of the air above, thus 


vapor 


favoring water loss from the former. Greater wind 


movement is a contributive factor too, in that vapor 


pressures of the air near the ground would be les- 
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sened, which in effect increases the vapor gradient 
from soil to atmosphere. 

The development of grass sod typically associated 
with open park stands and increased insolation is con- 
sidered a factor of paramount importance in the more 
‘rapid depreciation of available moisture in the upper 
profile. Fibrous root systems, concentrated in a rela- 
tively shallow zone, in conjunction with low air hu- 
midities implement rapid transpiration losses. Under 
these conditions, surface soil moisture feasibly may be 
reduced to the wilting point in a short time. In specu- 
lation, such inimical moisture conditions, even though 
of limited duration, may be partially responsible for 
the difficulty of shallow-rooted seedling establishment 
in prairie sod. 

The investigations of Toumey & Kienholz (1931) 
and others have demonstrated the importance of root 
competition for moisture in stands. According to the 
present data, differences in moisture trends in lower 
horizons (Fig. 6-9) were not considered significant. 
In the light of the trenched plot experiments these 
results would appear inconsistent. Considering the 
greater foliage area and more extensive root systems, 
transpiration losses are undoubtedly greater on sites 
supporting closed stands and shrub floras. Several 
factors, however, are considered important in clarify- 
ing these data. While more water is transpired from 
closed stands than from those classified as sparse, the 
margin of difference is partially offset by the greater 
evaporation potential at the soil surface in the latter. 
Secondly, the rate of transpiration is assumed to be 
greater from fully exposed crowns in sparse stands, 
negating in part lessened foliage area. Lastly, as 
physical data on profiles indicate, the surface soils in 
undisturbed stands underlying a forest litter were dis- 
tinctly more porous than those in soddy open woods. 
It is suggested that more rainfall, above a certain 
minimum, actually is stored for plant transpiration 
in physically superior forest soils through the main- 
tainance of increased infiltration rates. Conversely, 
less water would be available in open woods sites 
where surface horizons are shown to be more dense, 
and where run-off rates are greater. 

The physical deterioration of surface horizons in 
sparse, soddy woods is attributed to several causes 
including compaction by livestock, and rain falling 
on litter-free surfaces. Lowdermilk (1930) states the 
effectiveness of continuous litter in preventing sur- 
face compaction by the impact of precipitation. Ex- 
perimental data by Baver (1940) have shown that 
mechanical compaction reduces soil aeration, particu- 
larly the large pore space component. The present 
evidence would indicate that large pore space or non- 
capillary porosity is similarly reduced in open woods 


sites. Considering the influence of the large pores as 


regulators of infiltration rate, the implication of sur- 
face compaction in soil-water relations assumes added 
significance. 

The possibility of lessened air space and heavier 
surface horizons being due in part to the establish- 
ment of grass sods in open woods should be given 
consideration. 


A dense, fibrous root system may be 
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effective in retarding eluviation of fine particles from 
the upper profile. The typically hotter and drier 
surface zones associated with grass, and the general 
lack of an acid humus layer would limit acid decom- 
position products, thus favoring the retention of or- 
ganie and inorganic materials. These are some of the 
factors which may contribute to the transition to 
heavier, less-aerated soils under grass. Lessened air 
space resulting from the change from forest to grass 
has also been reported by Stewart (1933). 

Interpretation of chemical data would indicate that 
while generally surface horizons in undisturbed stands 
were highest in carbon and nitrogen, the development 
of heavy sod in open sites also effected high acculula- 
tions. Not only were carbon and nitrogen at a favor- 
ably high level, but the depth of the surface zone 
was usually greater than that of litter-covered soils. 
This increase in depth of morphological surface hori- 
zons suggests the influence of grass roots in adding 
organic matter. It is of interest to note that even on 
the best forest sites, the mineral zone of maximum 
organic matter represented a relatively thin layer, 
presumably the result of leaching effects. 

Soil reaction data would indicate that topography 
and drainage are basic determinants in profile acidity. 
Under present conditions of rainfall, all planosol sites 
were acid above 30 in. regardless of cover. In slope 
positions, horizons at or near the surface were neu- 
tral to alkaline. In conclusion may it be stated, on 
the basis of the present work, that changes in moisture 
patterns, and soil characteristics associated with de- 
creased densities are restricted to relatively shallow 
surface zones in the profile. 


SUMMARY 


1. Studies in composition and mocrohabitat relations 
were conducted in representative communities of 
hardwood forest along the Des Moines River in 
central Iowa. 


i) 


. Results of forest vegetation studies are: 

a. Stand densities varied from 41 to 416 trees per 
acre. Low density stands characterized by full, 
rounded crowns, sparse forest floors, and grass 
sod were classified as open woods. Under closed 
stands, associated with heavy and continuous 
forest floors, shrub understories and tree repro- 
duction were common, grass sod being less preva- 
lent or absent. 

b. Average basal area in square feet per acre varied 

from 49.7 to 85.3. 

. White oak (Quercus alba) and red oak (Q. bore- 
alis) were predominant upland species. Shag- 
bark hickory (Carya ovata), white ash (Fraxinus 
americana) bur oak (Q. macrocarpa) and elms 
(Ulmus americana and U. fulva) were common 
associates. In the most mesie situations, bass- 
wood (Tilia americana) and black maple (Acer 
nigrum) were found in admixture with Q. bore- 


4 


alis. 
d. Per acre yield of the forest floor, litter plus duff, 





























October, 1952 





ranged from a trace in several open woods com- 
munities to an average 14,000 pounds under ad- 
jacent closed stands. 
_Ash content of freshly fallen leaves, based on 
dry weight, averaged 10.9% for nearly similar 
shagbark hickory, basswood, and black maple, 
7.1% for white oak, and only 4.6% for red oak. 
Ash content of litter of all species increased after 
6 months of weathering on the forest floor. 


Studies of microclimates showed: 


ww 


a. Maximum temperatures of the air and soil sur- 
face were consistently higher in open woods than 
in closed stands, being the highest on south as- 
pects. Mid-afternoon soil temperatures at the 
l-inch depth nearly equalled or exceeded air tem- 
peratures on open woods sites, depending on 
topographie exposure. Beneath closed canopies, 
soil temperatures invariably averaged 10 to 15° 
F less than air temperatures. 


= 
— 


. Evaporation rates were consistently lower under 
closed stands, and were lowest under conditions 
combining the effects of dense canopies and slope 
protection. Accumulative water losses over an 
88-day period averaged 100% greater in open 
woods communities than under closed canopies. 
4. Differences in soil moisture associated with varia- 
tion in forest vegetation and topography may be 
summarized as follows: 
Moisture became deficient in the upper profile of 
all open woods communities during dry months 
of July and August. Subsoil moisture ap- 
proached or reached the wilting point during the 
same period in several open woods and closed 
stands on well-drained ridges or steep slopes. 
Probable influences in moisture variations are 
discussed. 

5. On similar topography, density of the forest vege- 
tation was an influential factor in depth of snow 
accumulation and rate of disappearance. Rate of 
snow removal on south aspects exceeded that on 
north aspects under similar stand densities. 


Ss 


. Variations in physical and chemical factors of soil 
profiles are: 


o 
j~) 


. Increased aeration porosity and decreased volume 

weight of surface horizons indicated the mainte- 
nance of a more favorable physical condition in 
soils under closed stands and continuous forest 
floors than under open woods and a sod cover. 


= 


. Subsoil values for aeration porosities and volume 

weights were not significantly different between 
the profiles under closed stands and those under 
open woods. 


° 


. Total nitrogen and organic carbon values were 
highest in the surface soils of all profiles, the 
largest amounts occurring under closed stands on 
planosol flats and in colluvial positions. On se- 
vere slopes, values for surface horizons in these 
communities were in some instances less than for 
open woods and a grass sod. 
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d. Grass sod developed under open canopies was a 
factor in increasing the surface depth of maxi- 
mum organic accumulation. 


. Surface horizons were mixed and deepened by 
cultivation compared to undisturbed horizons on 
similar topography; however, carbon and nitro- 
gen were greatly reduced in the former. 


we 


’. Beneath the zone of surface accumulation in the 
respective profiles, no significant differences in 
carbon and nitrogen were shown between open 
woods and closed stand communities. 

g. The C/N ratios diminished with depth in most 
profiles; in others, the ratios were variable al- 
though diminishing trends with depth were indi- 
cated. Ratios were not shown to be correlated 
with composition of forest and ground cover 
vegetation. 


— 
i) 


. The proximity of caleareous parent material to 
the surface was considered an important factor 
in soil reaction. 


. Findings of this study indicate that the greatest 
variations in soil criteria between closed hardwood 
stands and open woods communities were limited to 
a relatively shallow surface zone in the profile. 
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INTRODUCTION 


In 1942 the writer published the results of a pre- 
liminary survey of the semi-desert and grassland vege- 
tation of that part of the Columbia Plateau lying east 
of the Columbia River in Washington, and north of 
the Clearwater River in Idaho (Daubenmire 1942). 
The plan of the present study was to begin where the 
former survey ended, and consider the coniferous* 
forests to the north and east of the Plateau. Field 
work at first extended northward to the Canadian 
horder, eastward to the Idaho-Montana boundary, 
southward to the divide between the Clearwater and 
Salmon Rivers in Idaho, and westward to the Colum- 
bia River in northeastern Washington (Fig. 1). Since 
practically all of the forest associations in this area 
extend beyond its limits, an attempt was later made to 
inerease the utility of the study to workers in border- 
ing areas, by including notes obtained during brief ex- 
cursions beyond the limits of the main study area just 
described. 

When the project was initiated the writer thought 
of the area selected as being characterized by a high 
degree of phytogeographic homogeneity. However, 
as field work progressed considerable north-south dif- 
ferentiation of vegetation was found and a significant 
east-west boundary line was discovered, which cuts 
the total area studied nearly in half. The line appears 
to fall a little south of the 47° parallel. Hereafter 
the two parts of the study area thus defined will be 

* Climax forests dominated by the deciduous Alnus sinuata 


(Regel) Rydb. are also to be found in this predominately ever 
- forest region, but these occupy small area in the Thuja- 
Suga and Picea-Abies zones and have not been included in the 
present account. 
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Fig. 1. Map of northern Idaho with adjacent parts of 
Oregon, Washington, Canada, and Montana, showing the 
forest area studied and its relation to contiguous grass- 
lands and semidesert to the southwest. 
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referred to as the northern and southern sectors. It 
is to be assumed that each plant association occurs in 
both sectors unless otherwise stated. 

This work is purely descriptive, but its stimulation 
was derived in large measure from the absolute neces- 
sity for a critical delimitation of vegetation units in 
order to organize and relate studies of the causes of 
vegetation distribution which the writer began con- 
currently. 

Within the area studied most intensively, numerous 
isolated investigations of a phytosociologie nature 
have been made, but few comprehensive accounts 
based on original investigation have been published. 
Weaver (1917) studied a very small segment of the 
above-delimited forest area as it occurs in the vicinity 
of Pullman, Washington, and considered all vegeta- 
tion in it as seral to a “Thuja-Tsuga association.” 
Larsen (1930) described a large area briefly, but did 
not draw sharp distinctions between seral and climax 
forests. In the present study successional relations are 
held to be far more complicated than Weaver con- 
sidered them, and much more significant than Larsen 
believed. Halliday (1937) has described the forests 
of the adjoining area north of the Canadian border, 
but because all of Canada is encompassed in the pub- 
lication his descriptions of pertinent communities are 
too generalized to permit comparison with the present 
study, which is of a more intensive scope. Kujala 
(1945) has described and classified some forest types 
in Canada which may be essentially identical with 
certain types described in this report. Specific ref- 
erences to these and other pertinent researches will 
be made at appropriate places in the text. In addi- 
tion, certain fundamental problems of vegetation clas- 
sification and the practical application of the results 
will be discussed following the presentation of the 
vegetation descriptions. 


TERMINOLOGY AND PRINCIPLES OF 
CLASSIFICATION OF THE VEGETATION 


Several systems of phytosociologic terms and con- 
cepts have each gained a following among different 
groups of ecologists, and as the field work progressed, 
the writer sought to apply all of the series of concepts 
and terms known to him to the data at hand. The 
system advocated by no one “school of thought” 
seemed adequate in all respects, but with slight modi- 
fication it has been possible to combine such favorable 
features of different ones as appears to be applicable, 
and thus arrive at a system that appears well suited 
to the vegetation of this particular area. The hybrid 
nature of the terminology demands a_ preliminary 
definition of terms and explanation of concepts be- 
fore they are used in the subsequent descriptions. 

DyNAMiIc STATUS OF COMMUNITIES 

A community is considered seral if interrupted age- 
gradients in species populations show that the socio- 
logic status of at least some of the species is tempo- 
rary, but climax if it appears to be self-regenerating 
and there is no concrete evidence that it is followed 
by a different subsequent community. Actually, no 
vegetation is absolutely permanent, but a reasonable 
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and useful line of demarkation can be drawn between 
succession that is demonstrable and predictable, and 
that which is brought about by unforseeable events 
and therefore is unpredictable. 

The term association is applied only to climax com- 
munities. 

PHyYTOSOCIOLOGIC ENTITIES 

The union (or synusia) is considered the smallest 
structural unit in the organization of vegetation, each 
union consisting of a population of one species, or of 
several species that are closely similar in ecology 
(i.e., in microenvironmental requirements) as_ indi- 
vated by similarity of local environmental amplitude, 
phenology, and frequently by similarity of life-form 
as well. Of these criteria the last is believed to be 
the least important; thus in the Pachistima union 
there is included such diverse life-forms as a tall ever- 
green shrub (Taxus), a low deciduous shrub (Loni- 
cera), a grass (Bromus), and a forb (Disporum). 

The species comprising a union vary from place to 
place, but the variations lie within rather narrow lim- 
its and for the most part seem a result of historical 
factors or chance dissemination rather than of present 
variation in environmental factors. It is to be noted 
that the same species may participate in different 
unions, but ordinarily the abundance and/or life-form 
are different. Amelanchier alnifolia, for example, was 
found in 11 of the 12 forest associations analyzed, 
varying from a low shrub to a small tree, and from 
‘are to ubiquitous. Also, one union may participate 
in the structure of different associations. The Pachis- 
tima union, for example, exhibits identical physiog- 
nomy and floristic compos.tion under the Picea-Abies 
and the Thuja-Tsuga unions. 

The association is considered the basie unit of vege- 
tation classification. It embraces all unions that are 
superimposed on the same area, and each distinctive 
combination of vascular plant unions is ordinarily 
considered a separate association. Such an aggrega- 
tion of union constitutes a phytocoenosis. A desig- 
nation such as Thuja-Tsuga/Oplopanax association 
is intended to signify a dominant union typified by 
Thuja plus Tsuga, combined with a subordinate union 
typified by Oplopanax, this combination serving to 
characterize a particular association without indica- 
tion which other unions are also present. The short- 
est name that seems adequate in the light of present 
information has been used, although further refine- 
ment in nomenclature may well be needed later. Such 
a binomial system of nomenclature has the merits of 
constituting a brief diagnostic description and con- 
veying some notion of physiognomy, inasmuch as the 
unions are named after dominant species. 

Association is a concept embodying those charac- 
ters of all actual stands among which differences in 
species composition are attributable to historical 
events or chance dissemination rather than to inherent 
differences in environments. Widely separated dis- 
similar stands may eventually be shown to be con- 
nected by an intermediate series exhibiting continuous 
var.ation that is correlated with a gradual macro- 
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climatie gradient. Such an indivisible unit might have 
to be viewed as a single association simply for con- 
venience even though considerable floristic and eco- 
logic diversity is involved. But this problem has 
scarcely presented itself within the limits of the stwly 
area. When surrounding regions are analyzed in de- 
tail, it may become important, although not incapable 
of solution. This opinion is based on reconnaissance 
westward to the Pacifie Coast in 1949, eastward to 
the plains of cent ‘al Montana in 1948, and northward 
through the Canadian Rockies in 1951, all of which 
excursions have been made subsequent to the accumu- 
lation of most of the data reported here, and earlier 
studies by the writer farther southward in the Rockies. 

EcoLocic CLASSIFICATION OF CLIMAX ASSOCIATIONS 

That type of climax vegetation which is charac- 
teristic of undulating topography and loamy soils 
that are moderately drained, is called the climatic 
climax (sensu Tansley 1935, not Clements). Within 
a small region those climaxes which differ from the 
climatie climax because of some stable but peculiar 
and ecologically important sot] condition are called 
edaphic climaxes. On still other habitats where ma- 
ture vegetation differs from the climatic climax be- 
cause rough topography results in excessive exposure 
to, or protection from, direct solar radiation, or 
where wind manifestly modifies vegetation, such vege- 
tation is considered topographic climaxes. Frequently 
soil peculiarities accompany strong topographic in- 
fluence, and in such cases the term topoedaphic climax 
seems appropriate. 

Most of the associations considered in the present 
study play different climax roles in different parts of 
their areas, e.g., climatic climax in one place, and 
topographic climax in another. 

Vegetation which is peculiar because it has attained 
an equilibrium with a particular frequency and in- 
tensity of burning is called a fire climax, and that 
which has been differentiated by and adjusted to a 
particular type and degree of animal influence is a 
zootic climax. Clearly each climatic, edaphic, and 
topographic climax may have its own series cf’ fire 
and zootic climaxes. The former group may be con- 
sidered primary climaxes, and the latter two second- 
ary climares, or disclimares. Climatie, edaphic and 
topographic climaxes are no more diffieult to distin- 
guish in the field than zonal, azonal and intrazonal 
soils, and the significance of the former for synecology 
is much the same as the latter group for pedology. 

THE CLIMAX ASSOCIATION AS THE BASIS OF 
AREAL CLASSIFICATION 

For several important reasons, it has become abun- 
dantly clear that the most significant biogeographic 
classification of the land surface is that based on 
climax conditions exclusively. One important fact 
that supports this conclusion is that seral communi- 
ties are not well organized. It may frequently be 
observed in the northern Rockies that the composition 
of forests that appear on different parts of the same 
habitat type after burning is governed chiefly by 
the kind of plants which happened to remain on, or 
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at the margin of, the burned area. Also the timing 
of the holocaust in relation to eyelie variations in 
seed production exerts a powerful influence upon the 
composition of seral forests. Seral species are thus 
replaceable to a large extent, and relatively few of 
the potential occupants of a disturbed habitat are 
usually present. Only after sufficient time has elapsed 
for extensive exchange of disseminules from place to 
place, and further time has allowed selection and 
adjustments, does a large unit of a given habitat type 
tend to attain uniformity, as well as conformity with 
ecologically similar habitats elsewhere. Finally, the 
same seral species is often found equally well repre- 
sented on areas that support different climaxes. For 
these reasons climax vegetation is much more signifi- 
‘ant as a criterion of habitat potentialities than are 
seral communities. 

Disturbance almost never eliminates all the species 
characteristic of a given habitat. Consequently it 
seems best to take the philosophic viewpoint that the 
habitat (soil, macroclimate, and topography) is the 
most durable component of an ecosystem,* and that 
disturbed vegetation presents varied appearance owing 
to differences in the degree to which the ecosystem 
has been thrown out of balance, or to accidents of 
minor ecologic importance that so strongly determine 
the details of recovery. 

As suggested above the same climax type extends 
into distinetly different climatic regions, and in so 
doing occupies very diverse soils and topography by 
way of compensation. Nevertheless, each stand con- 
tains essentially the same galaxy of subordinate spe- 
cies, plants and probably animals too, which depend 
either upon intrinsic characters of the habitat or 
upon microenvironmental conditions created by the 
dominant trees. Because of this, diversity with re- 
spect to ecologic role must be subordinated in bio- 
geographic classification to the fact that all stands 
of an association have a high degree of biotic¢ simi- 
larity. Such biologie homogeneity among the stands 
is of much greater significance than are the macro- 
climatic and geologic variations among them, espe- 
cially to sciences concerned with the management of 
wild lands. 

In the interest of clarity, it is desirable to make a 
distinction between vegetation and the area it occu- 
pies. The collective area which one association oceu- 
pies, or will come to occupy as succession advances, 
is called a habitat type. Considerable variation of 
intrinsic factors may be encompassed but the ecologic 
sums of the different sets of conditions are essentially 
equivalent with respect to the nature of the climax. 
Each time the forest is destroyed, as by fire or logging, 
plant succession leading toward the same climax as- 
sociation is initiated once more because the funda- 
mental characters of the habitat type are not perma- 
nently affected by disturbance. 

Although this paper concerns plant associations, the writer 
considers plants and animals, plus climatic and edaphic factors, 


as inseparable constituents of one interrelated unit, the ecosystem 
(Tansley 1935). Vegetation is simply the most evident com- 


ponent of such an entity. 
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Constancy and distribution by unions and associations, of shrubs and herbs that attain a constancy 
83% or more, in at least one association. 





Unions 


Agropyron spicatum 


Poa secunda 
Purshia tridentata 


Symphoricar pos 
rivularis 


Physocarpus 
malvaceus 


Pachistima 
myrsinites 


Oplopanaz horridum 
Xerophyllum tenax 


Menziesia 
ferruginea 


Species 


Balsamorhiza sagittata (Pursh) Nutt. 

Agropyron spicatum (Pursh) Scrib. & Sm.* 
Achillea millefolium L. var. lanulosa (Nutt.) Piper. 
Festuca idahoensis Elmer............ 


| Epilobium — Nutt..... 


Carex geyeri Boott............. 


Stellaria metens Mutt.............. 


| Bromus tectorum L......... 


Collinsia parvifiore Lindl.. see Be “ ae 


Purshia tridentata (Pursh) De. 


Pe widwidia gairdneri H.& A 
Prunus virginiana L. var. melanocar pa (A. Nels.) Sarg. 
Spiraea betulifolia Pall............... 


Rosa spaldingii Crepin é& R. ultramontana ” ats.) Heller 
| Symphoricarpos rivularis Suks................... 


Berberis repens ae 


| Galium aparine L. & var. vaillantii (DC. ) ‘Koch. 


Galium boreale L............ 


pdeiehelion eanltadn m Dewel.. 


| Oplopanazx horridum (Sm.) Miq. 


*Includes also A. inerme (Scribn. & 


Physocarpus malvaceus (Greene) Kuntze. 
Erythronium grandiflorum Pursh 
Trillium petiolatum Pursh . 


| Fragaria cuneifolia Nutt. & F. bracteata Heller 


Amelanchier alnifolia Nutt.. 


pen naria wennreiliglie Hook. . 
Thalictrum occidentale Gray (inel. vars.) 
(MONEE EDP.............. 
Bromus vulgaris (Hook.) Shear. 
Arnica cordifolia Hook............. 
Galium triflorum Michx........... 
Mitella stauropetala Piper 

Rosa gymnocarpa Nutt. 

Smilacina stellata (L.) Desf. 

Actaea arguta Nutt. 

Trillium ovatum Pursh........ 
Lastrea dryopteris (L.) Slosson. . 
Coptis occidentalis (Nutt.) T. & G. 
Adenocaulon bicolor Hook. . 

Tiarella unifoliata Hook... . 
Asarum caudatum Lindl. 

Anemone piperi Britt... 

Linnaea borealis L. var. americana (Forbes) Rehder 
Clintonia uniflora (Shult.) Kunth 
Pachistima myrsinites (Pursh) Raf. 
Lonicera ebractulata Rydb. 

Viola glabella Nutt. 

Goodyera oblongifolia Raf. 

Pyrola secunda L. 


Athyrium filiz-femina (L.) Roth. 


Vaccinium membranaceum Dougl. 
Xerophyllum tenax (Pu reh) ) Nutt. 


Menziesia forvaginns Sm..... 
Luzula glabrata (Hoppe) Desv. 


Sm.) Rydb. 
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The area occupied or potentially occupied by a 
closely related group of associations is called a zone. 


METHODS 


No statistical studies were attempted until several 
seasons of reconnaissance had permitted a tentative 
subjective classification of the climax communities. 
During this time it became apparent that these forest 
associations are best defined as combinations of two 
or more unions of vascular plants inhabiting the same 
area simultaneously. Eventually analyses were made 
to compose more accurate descriptions of the unions 
and to discover which species are of most constant 
occurrence in the unions comprising a given asso- 
ciation, and therefore serve best as indicators. Gen- 
eral impressions are useful in formulating deserip- 
tions of unions with respect to dominance and physi- 
ognomy, but something more objective is needed to 
draw up reasonably accurate floristic descriptions of 
the associations. 

For each of the associations recognized on the basis 
of reconnaissance, six representative stands were se- 
lected for analysis, these being as widely distributed 
over the main study area as possible. In selecting 
representative locations for the sample plots, the aim 
was to choose climax or near-climax stands of average 
densities, for in any forest association all degrees of 
intergradation may be found from open stands in 
which the ground is populated with an abundance of 


TABLE 2. 
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heliophytice herbs or shrubs to heavy stands of timber 
where the shade is so dense that only sciophytie spe- 
cies are represented. In stands of intermediate dense- 
ness the majority of species of sun and shade plants 
that characterize the are repre- 
sented, 

The sample plot in each stand was 5 x 25m in di- 
mensions and was visited sufficient times during one 
growing season that a list of all the vascular plants 
Because no atten- 


forest association 


growing on it could be compiled. 
tion was paid to the numbers of individuals of each 
species in a plot, the influence of moderate grazing 
in altering the relative abundance of species in some 
of the stands at low altitude had little effect upon the 
statistics. The summary of floristic lists from a series 
of large sample plots widely scattered over the geo- 
graphie area of an association yields constancy data. 
By this method of analysis information of statistical 
character was obtained which shows distinet differ- 
ences and similarities in the kinds of plants and their 
constancy of occurrence in the various unions. How- 
ever, it should be pointed out that these constancy 
data are wholly inadequate to suggest the sharp dif- 
ferences in physiognomy which are at least equally as 
characteristic of the unions. No single type of sta- 
tistic should be expected to portray more than one 
characteristic of a community. 

When the data were accumulated and tabulated, it 
all those species which do 


was decided to disregard 


Distribution and roles of tree species in relation to habitat types. 





TREE SPECIES 


Zones Habitat Types 


Populus tremuloides Michx. 
Pseudotsuga tarifolia var. 


Pinus ponderosa Laws. 
| glauca (Mayr.) Sudw 


Picea engel- 
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Pinus ponderosa 
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Pinus ponderosa/Agropyron.| C 
Pinus ponderosa/Purshia. Cc s 


C — major climax species 

¢ — minor climax species 
‘ These evaluations are all based upon the author's experience. 
ete of the area, added the following notes from his observations: 
Abies lasiocarpa minor sera! species n Thuja/Pachistima. 


Populus trichocarpa, Pinus contorta, Larix occidentalis. Pseudotsuga and Betula minor seral species in Thuja-Tsuga Oplopanar. 
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In reviewing the manuscript for this publication, Mr. Charles A. Wellner, a forester with intimate 
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not have very high constancy in at least one of the 
associations studied. Specifically those species which 
did not occur in at least 5 of the 6 plots in any one 
of the associations were excluded. The list of herbs 
and shrubs thus rigorously purged is given in Table 1. 

The species of trees, their relative abundance in 
the dominant union, and their successional roles on 
the different habitat types are data obtained by ex- 
amination of extensive area and are not of quantita- 
tive character. A summary of these observations are 
presented in Table 2. 

After the characters of the climax associations had 
been worked out, by the above techniques, it became 
a relatively simple matter to assess the direction of 
suceession in seral stands and thus extend the use of 
the data to predict the nature of the ultimate climaxes 
and classify habitat types with considerable confi- 
dence. The significance of the climax thus does not 
reside in its ubiquity, for absolutely virgin climax 
stands are difficult to find, but rather in the fact that 
different kinds and degrees of disturbance result in 
an almost infinite variety of plant communities all of 
which immediately begin to evolve in the direction of 
the climax. The concept of climax therefore is funda- 
mental to the prediction of direction of succession, 
and thus essential as a means of relating widely dif- 
ferent types of existing stands into a common pat- 
tern of development (see: Ilvessalo 1929, Lippmaa 
1939). 

In an effort to fortify general impressions of soil 
characters and so expand the descriptions of the eco- 
systems a little beyond the purely vegetal component, 
soils were collected at three of the six stations chosen 
as representative of each association. After remov- 
ing the A,» layers (litter, duff, and leafmold), the 
first five decimeter-horizons of mineral soil were sam- 
These were passed through a 2mm sereen and 


pled. 
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Fig. 2. Total range of variation in certain soil prop 
erties encountered in samples taken in three widely sepa 
rated representative stands of each association. Upper 


bar represents upper dm. of mineral soil, lower bar the 
5th dm. 


Summary based on data contained in Appendix. 
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analyzed for moisture equivalent (original centrifuge 
method), pH (glass electrode method), capacity for 
adsorbed cations, and degree to which this capacity 
is satisfied by hydrogen ions. The latter two values 
were estimated after the techniques of Brown (1943), 
In the absence of confirming tests, the degree to which 
Brown’s technique yields quantitatively accurate val- 
ues for soils in the northern Rockies is unknown, but 
the results should have considerable comparative 
utility. Details of all analyses are contained in the 
Appendix. Graphic summaries of certain of the data 
are presented in Figure 2, where the horizontal bars 
opposite each association name indicate the total 
‘ange of variation found in the Ist dm (upper bar) 
and 5th dm (lower bar) of the three stands selected 
for exploratory analysis. A separate study of the 
details of profile development in each of the associa- 
tions has already begun, but until that work is com- 
pleted the cruder data obtained as described above 
shall have to suffice. 


VEGETATION 
PINUS PONDEROSA ZONE 

The lowest and most xerophytie belt of forests in 
the region under study is dominated by a single tree, 
Pinus ponderosa. This species has high light require- 
ments and forms dense stands only when many seed- 
lings invade an open area simultaneously. In small 
local areas such stands may become exceedingly dense, 
especially on stony or infertile soils, so that tree 
growth stagnates under the intense competition, and 
inferior unions are practically excluded. 

Fire is seldom catastrophic in mature ponderosa 
pine forests, for the old trees, widely spaced as a re- 
sult of competitive elimination, have thick fire-resist- 
ant bark. However, young trees and seedlings are 
easily killed. Most forest destruction is the result of 
a combination of logging which removes old seed-bear- 
ing trees, and fire which destroys younger individuals, 
particularly if a long period elapses without fire so 
that litter accumulates in large quantities. Subse- 
quent to deforestation the subordinate vegetation 
usually persists to dominate the area until climax 
forest is re-established by centripetal migration. On 
flat alluvial terraces where the water table is not deep 
Populus tremuloides may play a role somewhat seral 
to pine, but here it is probably never completely 
eliminated by the pine. 

Because of its relative tolerance of fire, and high 
timber value, foresters have recently recommended 
judicious use of fire to create a fire climax of Pinus 
ponderosa on Pseudotsuga or Abies habitat types 
(Weaver 1947a). The derived character of these see- 
ondary climaxes is especially evident in the persistent 
members of the undergrowth union, but if perpetuated 
for any length of time it is possible that distinetive 
subordinate unions may develop in these fire climaxes. 

Along its lower or drier limits the Pinus ponderosa 
forests make contact with grassland or semi-desert. 
The uppermost limits are easily distinguished by a 
rather abrupt change in dominance from Pinus to 
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Pseundotsuga, this usually being reflected in the char- 
acter of the undergrowth as well as in the tree union. 


Pinus PonpEROSA/ AGROPYRON SPICATUM 
ASSOCIATION 

Wherever the ponderosa pine zone abuts upon areas 
dominated by either the Artemisia/Agropyron semi- 
desert or the Agropyron/Poa grassland, the forest is 
characteristically represented by the Pinus/ Agropyron 
association. This tvpe of ecotone is found in western 
Spokane County and eastern Lincoln County, Wash- 
ington (Fig. 1), and again in the canyons of the 
Snake, Clearwater, and Salmon Rivers. Climatic 
climax status for this association is approached only 
in the region of central Spokane County. 

The geographi¢ limits of the Pinus/Agropyron as- 
sociation are clearly related to soil texture, the re- 
quirement being coarse soils (Fig. 2) : sandy alluvium, 
gravelly or sandy till, and loams when these have 
high stone content. The humus is scanty but rather 
well distributed vertically, so that the water-holding 
capacity of the top decimeter is but slightly raised 
(Fig. 2). In common with other low-altitude forests 
this association is characterized by low cation capacity 
of the soil, but at the same time a high degree of 
saturation with hydrogen ions. The reaction is only 
slightly on the acid side of neutrality. 

The principal undergrowth beneath the tree union 
is the strictly herbaceous Agropyron spicatum union 
(Fig. 3), the structure and composition of which 
(Table 1) differs in no significant way from where it 
dominates the Agropyron spicatum/Poa secunda as- 
sociation or is subordinate to Artemisia tridentata 
Nutt. in the Artemisia/ Agropyron association on the 
adjacent arid plateau. Typically either or both of 
the species Agropyron spictatum and Festuca ida- 
hoensis dominate, but sometimes Stipa columbiana 
Macoun or Koeleria cristata (.) Pers. may play this 
role. 

A third union of vascular plants may be recognized. 
This is best described as a depauperate Poa secunda 
union in which this species, so characteristic on the 
basal plain where the union is also a component of 


Fig. 3. Stand representative of the Pinus ponderosa/ 
Agropyron spicatum association. Spokane, Wash. 
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the Artemisia/Agropyron and Agropyron/ Poa asso- 
ciations, attains only a low constaney, and is accom- 
panied by relatively few of its usual associates. 

Although in general shrubs are so extremely few in 
numbers and species that their absence is an impor- 
tant physiognomie criterion of the association, on 
sandy soils Chrysothamnus nanseosus (Pall.) Britt. 
sometimes attains scattered representation. Also 
Ceanothus velutinus Dougl. may become conspicuous 
on this as well as other habitat types, but it has low 
constancy in all communities so that its local abun- 
dance has no bearing upon vegetation classification. 

The general infertility of the habitat type is at- 
tested by the small size attained by Pinus and the 
abandonment of the few agr cultural enterprises that 
have been attempted. The relatively poor lumber- 
productive potential is however balanced by the excel- 
lent forage provided. 

What appear to be stands belonging to identically 
the same association have been observed by the writer 
‘n the valleys of the Bitterroot and Clark Fork rivers 
in western Montana, and in the southern foothills of 
the Little Belt Mtns., Meagher County, Montana. At 
this eastern extremity a few species characteristic of 
the central North American grasslands (e.g. Artemisia 
frigida Willd., Malvastrum coccineum (Pursh) Gray) 
enter the association, but the Agropyron spicatum 
union is not significantly altered by such minor 
changes and there appears to be no adequate basis 
for considering these stands in a special category. 
Stands of the Pinus/Agropyron association in typi- 
cal form and in primeval condition have been seen 
along the Middle Fork of the Salmon River in cen- 
tral Idaho. The “pine savanna” just north of Kam- 
loops Lake in British Columbia (Spilsbury & Tisdale 
1944) differs sharply from the Pinus/Agropyron as- 
sociation as described above in the substitution of 
Festuca scarbrella for F. Possibly the 
“pine-bunchgrass range type” mentioned by Pickford 
& Reid (1948) in a popular description of the vege- 
tation on the southerly slopes of the Wallowa Mtns. 
in Oregon is identical to the Pinus/ Agropyron asso- 
ciation. 


idahoensis. 


, 


PINUS PONDEROSA/PURSHIA TRIDENTATA ASSOCIATION 

Although lower in point of average elevation than 
the Pinus/Agropyron forest, the Pinus/Purshia as- 
sociation can best be discussed subsequent to the 
former. 

The Pinus/Purshia association oceurs along the 
Columbia River Valley from the Canadian border to 
the mouth of the Spokane River thence eastward along 
the latter to approximately the southeastern extremity 
of Ferry County, occupying a very small part of the 
study area. The soils have about the same pH as 
those of the Pinus/Agropyron forest (Fig. 2), and 
appear to have slightly lower water-holding capacities, 
and lower cation capacities but at the same time a 
distinetly lower percentage saturation with hydrogen 
ions. These soils are all alluvial and seem to be more 
drouthy but perhaps more fertile. 

The Agropyron spicatum and Poa secunda unions 
are both well represented here (Table 1), but the 
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abundance of Purshia tridentata, a deciduous shrub 
usually between 1 and 2m tall gives the association a 
strikingly distinctive physiognomy. Usually a few 
other shrub species are present but these have low 
coverage and constancy. Owing to the sensitivity of 
Purshia to fire, it is possible that within its range 
there are burned areas which pass for stands of the 
Pinus/ Agropyron association. That this possibility 
is of strictly local significance, if any, is indicated by 
the well-defined area in which the remaining Pinus/ 
Purshia stands are found. Fire could hardly have 
exterminated Purshia over a large area and at the 
same time left so much of this physiographically and 
chemically unique habitat. 

A typical stand of the Pinus/Purshia association 
has been observed by the writer in the Kootenay River 
valley northwest of Eureka, Montana. The same or 
closely similar vegetation extends from Washington 
for about 120 miles northward along the Okanogan 
and North Thompson River valleys, and for about 
75 miles northward in the valley between the Selkirks 
and the main mass of the Rocky Mtns. (Eastham 
1949). The literature also conta:ns numerous sugges- 
tions of similar vegetation along the east slope of the 
Cascade Mtns. as far south as California, and in 
southern Idaho (Korstian 1919) but with so much 
climatic and floristic variation the Pinus and Purshia 
unions may be accompanied by entirely different 
herbs. In that event it may be desirable to lengthen 
the name proposed above for the northern Rocky 
Mtn. stands to at least the Pinus ponderosa/Purshia/ 


Agropyron association. 


THE PINUS PONDEROSA/ SYMPHORICARPOS 
RIVULARIS ASSOCIATION 

Wherever forest abuts upon grassland character- 

ized by the Festuca/Symphoricarpos* association, the 

most prevalent type of Pinus ponderosa association is 

one which has a Symphoricarpos union beneath 
(Fig. 4). 

The soils are either loams with high water-holding 

Previously referred to as Festuca-Agropyron association 


(Daubenmire 1942). 





Fig 4 


Symphor ccrpos 


Stand representative of the Pinus ponderosa 
rivularis association. Valley Ford, 


Wash. Meter stick in this and subsequent pictures is 


marke. off in decimeters. 
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capacity (Fig. 2), or stony or sandy, with such fea- 
tures compensated by protection from southerly inso- 
lation. Of all the forest types in the Pinus zone, 
this has soils with the highest percent saturation with 
hydrogen ions, and the lowest pH. 

The Symphoricarpos union is composed principally 
of deciduous shrubs, usually between 0.5 and 1.0 m 
tall, with high coverage that often approaches com- 
pleteness. Symphoricarpos rivularis, Rosa spaldingii, 
R. ultramontana, Spiraea betulifolia, and Prunus vir- 
giniana var. melanocarpa (with size here conforming 
to its associates) are the principal shrubs, any of these 
except the last showing local dominance over the 
others. In the northern part of the study area Ber- 
beris aquifolium Pursh (evergreen) becomes a com- 
mon constituent of the union. A rich flora of herbs, 
some characteristic of forests and others drawn from 
the adjoining grassland, fill the numerous small open- 
No distinetive 
organization into one or more unions has yet beer. 
perceived at this third level of community structure; 
no species are relatively more abundant here than in 
other associations despite the apparent high degree 
of fidelity shown for Perideridia in Table 1. How- 
ever, one stand observed containing an abundance 
of Elymus glaucus Buckl. instead of shrubs should 
probably be classified in the Pinus/Symphoricarpos 
association for the fact that this Elymus has never 
been found in the Agropyron union, whereas it is com- 


ings in the shrub canopy (Table 1). 


mon in the Pinus/Symphoricarpos association. 

Under certain types and intensities of grazing the 
Symphoricarpos union may be replaced by a zootic 
climax dominated by Poa pratensis L. or other species 
of that genus. 

Regeneration following fire is so prompt that after 
the first season of sprout growth a fire history can 
be detected only by close inspection. 

The Pinus/Symphoricarpos association has not yet 
been seen by the writer outside of eastern Washing- 
ton and northern Idaho. Here it may be considered 
the climatic climax of the ponderosa pine zone on 
account of its ubiquity on undulating topography and 
loamy soils wherever they are encountered in the zone. 
The preceding two kinds of pine forest are edaphic 
climaxes confined to coarse soils, and the one to be 
described subsequently is a topographic climax. 


PINUS PONDEROSA/PHYSOCARPUS MALVACEUS 
ASSOCIATION 

Principally in the southern sector, on slopes in the 
pondersosa pine zone which are exceptionally moist 
for the zone by virtue of excellent topographic pro- 
tection from insolation, the undergrowth is dominated 
by the Physocarpus union, forming a very dense de- 
ciduous thicket about 2m in height (Fig. 5). The 
soils here are characterized by a low percent of satu- 
ration with hydregen as compared to the Pinus/ 
Symphoricarpos soils that are invariably found near- 
by on habitats less well protected. Leaching may be 
expected to be more severe on Pinus/Physocarpus 
than on Pinus/Symphoricarpos habitats, so that the 
apparently higher pH and lower degree of hydrogen 
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Fic. 5. Stand representative of the Pinus ponaerosa/ 
Physocarpus malvaceus association. Viola, Idaho. Per- 
son holding meter stick aloft is 1.55 m tall. 


saturation may be attributable to a peculiarity of 
Physocarpus litter. 

A number of tall shrubs participate in the Physo- 
carpus malvaceus union: Amelanchier ainifolia, Cra- 
taegus douglasii Lindl. (here dwarfed to approxi- 
mately the size of Physocarpus), Holodiscus discolor 
(Pursh) Maxim., Philadelphus lewisii Pursh, and oe- 
casionally Prunus emarginata (Dougl.) Walp., Salix 
sp., Ribes aureum  Pursh, 
Pursh, or Rubus spp. Physocarpus is usually domi- 
nant, but rarely this species may be lacking loeally, 
and in such cases the physiognomy, together with the 
other species of shrubs present, leaves little doubt as 
to the best classification of the stands. Taxonomic 
homogeneity is not essential to the concept of union. 

The Symphoricarpos union is always present with 
the Physocarpos union, but the numbers of individuals 
are characteristically few and although their height 
is increased, the taller shrubs determine the physiog- 
The herbaceous vegetation is similar to that 


Ceanothus sanguineus 


nomy. 
of the Pinus/Symphoricarpos association, but with a 
tendency toward poorer representation of the grass- 
land elements and the oceasional inclusion of a strag- 
gler that is primarily characteristic of higher and 
more mesophytie forests (Table 1). 

The Pinus ponderosa/Physocarpus association has 
not yet been observed by the writer much beyond the 
limits of the southerly sector of the main study area. 
Here it covers a relatively small part of the total 
forest land. It may possibly oceur in southern Idaho 
(Korstian 1919). 

In a recent paper Weaver (1951) states that “with- 
in the last forty or fifty years... . 
are becoming less characteristic of the ponderosa pine 
region.” One might easily draw inference from this 
and other statements in the publication that grass 
unions have been replaced successionally by shrub 
unions as a result of preventing the spread of surface 
fires in Pinus forests. The evidence presented in 
support of Weaver’s statements is a generalized de- 
scription of plants found the first growing season 
after a burn on the Hall Creek drainage in north- 
astern Washington. Shrubs such as Philadelphus 


grassy forest floors 
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sprouted from the crowns and regained only part of 
their former stature the first season, whereas the 
associated perennial grasses appeared luxuriant. Had 
subsequent observations been made these might have 
shown that the well-known fertilizing effect of fire 
diminishes rapidly and the shrubs make cumulative 
height gains with a combined result that shrub domi- 
nance is soon re-established. 

Although fire may well prove a useful tool in ecer- 
tain phases of silviculture in the Pinus ponderosa and 
Pseudotsuga zones where the production of Pinus 
ponderosa is a major aim of land management, there 
is no substantial evidence as yet that the value of 
burning lies even in part in the convers‘on of Physo- 
carpus or Symphoricarpos unions to a union of per- 
ennial grasses. On the contrary, the distribution 
pattern of all these subordinate unions is so closely 
related to soil and topography that these physical 
factors appear to control their distribution. The re- 
lation between grassy and shrubby undergrowth in 
pine forests of the Rockies has long been a matter of 
speculation (Daubenmire 1943). There is much need 
for critical studies of the problem involving quanti- 
tative measurements of plant populations before and 
after burning, with the observations continuing over 
a period of years to ascertain fully the consequences 
of single and of successive fires. 

PSEUDOTSUGA TAXIFOLIA VAR, GLAUCA ZONE 

A number of authors have grouped forests in which 
Pseudotsuga taxrifolia var. glauca is climax into the 
same category with those dominated by Pinus pon- 
derosa. The writer has chosen to maintain a distine- 
tion for the reasons that (1) earlier work in the 
southern Rocky Mtns. (Pearson 1931) showed that 
the Pseudotsuga forest is as distinct from the Pinus 
below as from the Picea-Abies forest above, and a 
unified system of classification throughout the Rockies 
is highly desirable; (2) the paleobotanical history of 
the dominants, Pinus ponderosa (sensu lato) and 
Pseudotsuga, appear to have been very different, and 
the writer considers this a significant matter in vege- 
tation classification. 


PSEUDOTSUGA TAXIFOLIA/PHYSOCARPUS 
MALVACEUS ASSOCIATION 

As a climatic climax this association covers rela- 
tively little area, but as a topographic climax it ex- 
tends downward as broad tongues into the dry climate 
of the basal plain following ravines and north-facing 
slopes, the last outposts being island-like stands com- 
pletely surrounded by more xerophytie vegetation. 
In an upward direction the association gradually 
changes into a topographic climax on southerly ex- 
posures, with the highest stands on knobs, completely 
surrounded by mesophytie vegetation. 

In comparison with Pinus/Physoearpus stands, the 
matter of the 
stands appears to remain more on or near the ground 
surface. It is to be noted that although the Pseudo- 
tsuga soils tend to be slightly more acid than most of 


organi¢ Pseudotsuga/ Physocarpus 


the Pinus soils, they are far more similar to the 
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latter than to forests at higher elevations in this 
respect. 

In the area under study Pinus ponderosa is the 
most widely distributed seral conifer on the Pseudo- 
tsuga/Physocarpus habitat type. Although Pinus 
grows to greater size here, given freedom from dis- 
turbance, complete replacement by Pseudotsuga is 
inevitable. In the lower part of the Pseudotsuga zone, 
however, frequent recurrence of fire tends to main- 
tain Pinus ponderosa as a fire climax. 

Additional seral trees that are encountered in the 
upper part of the Pseudotsuga zone are Larix occi- 
dentalis, Pinus contorta var. latifolia, Populus tremu- 
loides, and rarely, at high altitudes on southfacing 
slopes, Pinus monticola. Larix is the most fire- 
resistant tree in the total tree flora, and in the middle 
part of the zone where fires usually sweep over each 
area before the sere is completed, old relic Larix trees 
are ubiquitous in near-climax stands where the seed- 
lings of none but Pseudotsuga can succeed. At higher 
altitudes where the Pseudotsuga/Physocarpus associa- 
tion is represented only on steep, strongly insolated 
slopes, Larix is not represented in the sere. When 
viewed from a distance at an appropriate time in 
autumn such stands form dark green islands contrast- 
ing sharply with surrounding mesophytic forests in 
which the golden-yellow Larix is well represented. 

Floristically the subordinate vascular unions in the 
Pseudotsuga/Physocarpus association are identical 
with those of the Pinus/Physocarpus. There is, how- 
ever, a rather well-marked difference in physiognomy, 
—the Physocarpus union having lower stature and 
coverage when under Pseudotsuga (Fig. 6). That 
this may be attributed to the denser canopy of the 
Pseudotsuga is indicated by the fact that in many 
dense and immature stands all shrubs, along with 
Pseudotsuga seedlings and most of the herbs, are 
eliminated. However, as these stands mature and 
open sufficiently that tree seedlings can once more be- 
come established, the characteristic undergrowth re- 
turns. 

Observations at about a dozen widely scattered lo- 
cations in Montana indicate that the Physocarpus 





Fig. 6. 
folia/Physocarpus malvaceus association. 


Stand representative of the Pseudotsuga tazi- 
Viola, Idaho. 
Note distinctly more open character of Physocarpus union 
here as compared with Fig. 5. 
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union is poorly developed in the region west of the 
continental divide (coverage very thin, Holodiscus and 
Philadelphus not observed), and not represented east 
of this divide. However, there the typical Symphori- 
carpos union is ubiquitous, dominated by S. rivularis 
and frequently includes Arcto-staphylos uva-ursi (L.) 
Spreng. and Shepherdia canadensis (lL.) Nutt. 
Shrubby species of Juniperus also are common under 
Pseudotsuga in Montana. The herbaceous vegetation 
there still includes many of the same species and the 
same physiognomy although a number of different 
but ecolog‘cally similar species are encountered. If 
future study bears out these preliminary observations, 
a Pseudotsuga/Symphoricarpos rivularis association 
may eventually be recognized at least east of the con- 
tinental divide. 


THE PSEUDOTSUGA TAXIFOLIA/CALAMAGROSTIS 
RUBESCENS ASSOCIATION 

To the north of the area under consideration there 
occurs (Ilvessalo 1929, Kujala 1945, Tisdale 1950) 
an association in which Pseudotsuga taxifolia is the 
sole climax dominant of the tree union, and the vaseu- 
lar undergrowth consists principally of Calamagrostis 
rubescens Buckl. usually accompanied by the pros- 
trate evergreen shrub Arctostaphylos uva-ursi (L.) 
Spreng. In British Columbia Ilvessalo (1929) reeog- 
nized a “Calamagrostis-Arctostaphylos type,” which 
appears to be identical to the Calamagrostis union in 
the area studied by the writer, and an “Arctostaphy- 
los type” which differs in that the shrub is dominant 
over the grass. South of the Canadian border such 
a distinction has not yet seemed desirable. 

Stands which must be referred to the Pseudotsuga/ 
Calamagrostis association occur in the northernmost 
parts of eastern Washington and northern Idaho, but 
since they are relatively few, and more typical repre- 
sentatives are undoubtedly available for characteriza- 
tion in Brit:sh Columbia, no special study of the 
association has been made by the writer. All stands 
seen south of the Canadian border have been high 
enough in the Pseudotsuga zone that Pinus contorta 
var. latifolia or Larix occidentalis, or both, share the 
seral status with Pinus ponderosa. Yet those stands 
at still higher altitudes which represent the Pseudot- 
suga zone on steep, rocky, south-facing slopes have 
invariably proven to be of the Pseudotsuga/Physo- 
carpus type. The Pseudotsuga/Calamagrostis asso- 
ciation is therefore characteristic of the middle part 
of the Pseudotsuga zone. 

It is not to be inferred from the diagnostic charac- 
ters that Calamagrostis and Arctostaphylos are abun- 
dant only in the Pseudotsuga/Calamagrostis associa- 
tion. Colonies of these species are widespread on 
other habitat types where they commonly play the 
seral role following fire, especially where burning has 
been repeated. 

In 1918 Whitford & Craig drew a sharp distinction 
between two types of the Pseudotsuga forests of 
British Columbia. One type in the southeastern part 
of the province (adjacent to the writer’s study area), 
having the seral Larix occidentalis as a conspicuous 
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element as a result of frequent fires in the past, was 
designated as the “Douglas fir-western larch type.” 
The other type located in central British Columbia, 
where Pinus contorta var. latifolia completely re- 
places Larix as an important fire-induced member of 
the forest, was named the “interior Douglas fir type.” 
Comparable phases of the Pseudotsuga union occur 
in eastern Washington and northern Idaho, but since 
the herbaceous and shrubby vegetation appears the 
same throughout and the stands do not seem ecologi- 
cally segregated, nomenclatorial recognition of the 
two phases has seemed of dubious value. 

Whitford & Craig’s distinction of these two phases 
of the tree union was maintained without significant 
modification by Larsen in his accounts of Montana 
forests (1925, 1930). In 1925 he recognized a Doug- 
las fir-larch type in western Montana, and a Douglas 
fir-lodgepole pine type in Montana and_ northern 
Idaho. In 1930 he omitted any reference to the exist- 
ence of a Douglas fir-lodgepole pine type in northern 
Idaho, although the account allegedly included all 
vegetation zones. Subsequently in the minds of many 
foresters the concept of the Douglas fir-larch type has 
been extended to cover all areas on which these two 
species become conspicuous together (see Table 2). 
Thus Koch & Cunningham (1927) say that “practi- 
cally all other timber species of the region. . . . occur 
in mixture in various degrees, but the typical stand 
is nearly pure larch and Douglas fir.” With this 
definition the concept of “forest type” assumes a 
status unrelated to an ecologic classification in that 
it includes all areas where the two trees are dominant, 
regardless of successional status and habitat poten- 
tialities.* 

Another possible subdivision of the Pseudotsuge 
forest of the northern Rockies might be made on the 
presence or absence of Pinus ponderosa as a seral 
species. This tree is locally absent from the entire 
zonal sequence at a number of places in the northern 
Rockies, Pseudotsuga stands in these places abutting 
directly upon the unforested basal plain. Unless other 
differences in the ecosystem can be demonstrated, the 
chief interest that would be served by such a division 
would be forestry, for the higher commercial value 
of the Pinus calls for very different management of 
the Pseudotsuga habitat type depending on the pres- 
ence or absence of the seral tree in the local flora. 
This problem is of no great concern in the present 
study because Pinus occurs throughout the Pseudo- 
tsuga zone in eastern Washington and northern Idaho. 

THUJA PLICATA-TSUGA HETEROPHYLLA ZONE 

On progressing from any portion of the Pseudo- 
tsuga zone in the direction of a more favorable water 
balance one invariably encounters a related group of 
forests with distinctive climax dominants and distine- 
tive subordinate vegetation. The subordinate vascular 
plants appear to form three unions: the Pachistima 

* Because the objectives of plant ecologists and U. S. foresters 
have been so different, their classifications of forests can seldom 
be equated, although there should eventually be no differences 


4s more fundamental ecologic studies accumulate and _ forest 
management becomes more intensive. 
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myrsinites union, the Corallorrhiza-Pyrola union, and 
the Oplopanax horridum union. 

In Table 1 is a list of species of the Pachistima 
union that attain a constancy of at least 5/6 or 6/6 
(83% or more) in one or more of the associations. 
It will be seen that a few species in the community 
extend downward into the Physocarpus union, and a 
few are occasionally found in the Xerophyllum union 
at higher altitudes, but in the main the sociologie co- 
herence of the group is graphically manifest in the 
Table. A vertical line has been drawn to emphasize 
the importance of the floristic break in the vertical 
sequence of habitat types at the lower limit of the 
Pachistima union. On account of the floristic rich- 
ness (Fig. 7), and the frequency with which one spe- 
cies replaces an ecologic equivalent in passing from 
one part of the stand to another, a list of additional 
character species that happened not to have been in- 
cluded in the thirty stands (6 stands in each of the 5 
associations) might be added: 


Carex concinnoides Mack. 

Chimaphila menziesii (R. Br.) Spreng 

C. umbellata (L.) Bart. var. occidentalis (Rydb.) Blake 

Circaea alpina L. var. pacifica (Aschers. & Magn.) M. E. 
Jones 

Cornus canadensis L. 

Disporum hookeri (Torr.) Nichols. var. oreganum 
(Wats.) Q. Jones 

Festuca occidentalis Hook. 

Hieraceum albiflorum Hook. 

Listera caurina Piper 

L. convallarioides (Sw.) Nutt. 

Luzula campestris (L.) DC. var. comosa (E. Mey.) Fern. 
& Wieg. 

Ribes lacustre (Pers.) Poir.* 

R. viscosissimum Pursh* 

Taxus brevifolia Nutt. 


The above species are characteristic of the uplands; 
on approaching a moist swale the following are com- 
monly added to the Pachistima union: 


Aralia nudicaulis L. 

Cinna latifolia (Trev.) Griseb. 
Rubus pedatus Smith 

Senecio triangularis Hook. 
Streptopus amplexifolius (L.) DC. 
Trautvetteria grandis Nutt. 


On coarse alluvium Arctostaphylos uva-ursi is often 
a component if not a dominant of the Pachistima 
union, but all such stands observed have been recently 
burned and this phase of the union is consequently 
considered seral. 

Heavy grazing by cattle results in the replacement 
of the Pachistima union by a zootie climax dominated 
by Poa pratensis and Trifolium repens L., taking the 
form of a dense, low, uniform sod. 

When forests with the Pachistima union are burned, 
most of these species regenerate from underground 
organs, but the physiognomy of the herb-shrub vege- 
tation changes completely owing to the rapid super- 

* Constancy probably high under primitive conditions, but 
lately reduced in an effort to control Cronartium ribicola which 
uses Ribes and Pinus monticola as alternate hosts. 
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Fig. 7. Detail of Pachistima myrsinites union in a 
small opening of a Thuja-Tsuga/Pachistima stand which 
permits luxuriant development. Compare with sparse 
condition in Fig. 10. Within 1 m of the stick are the 
Adenocaulon, Athyrium, Clintonia, Goodyera, Hieraceum, 
Lastraea, Linnaea, Rubus, Smilacina, Tiarella and Vace- 
cinium species listed in Table 1. 


position of the Symphoricarpos and Physocarpus 
unions, coupled with the appearance of much Saliz,’ 
Acer glabrum Torr. var. douglasii (Hook.) Piper, 
Sorbus scopulina Green, and commonly Ceanothus 
velutinus as well. 

The occasional death of single trees or small groups 
of trees in climax stands, owing to insect activity, old- 
age, ete., allows above-average illumination to reach 
the forest floor in a restricted area. This commonly 
permits the shrubby constituents of the Pachistima 
union, especially Rubus parviflorus to increase in size 
and numbers until a group of tree seedlings assumes 
dominance. Typically the young trees become estab- 
lished in considerable numbers and before long their 
canopies come into contact so that lighting at the 
ground level drops to below-average. This brings 
about a drastie purge of the subordinate flora leaving 
the ground bare except for scattered plants of highly 
mycotrophie sciophytes that have been recognized in 
California and named the Pyrola-Corallorrhiza union 
(Oosting & Billings 1943). The species representing 
this union in the region of study are: 


Corallorrhiza maculata Raf. 
C. mertensiana Bong. 

C. trifida Chat. 

Monotropa hypopitys L. 

M. uniflora L. 

Pterospora andromedea Nutt. 
Pyrola bracteata Hook. 

P. chlorantha Sw. 

P. picta Sm. 

P. uniflora L. 


P. secunda L. (listed with Pachistima union in Table 2.) 


Y 


* Species of Salix which commonly invade burned uplands in 
the forest region are usually observed in sterile and hence un- 
identifiable condition. All specimens which the writer has found 
flowering were sent to Dr. C. R. Ball who kindly submitted the 
following identifications: 

Salix bebbiana Sarg.: Pinus/Symphoricarpos (riparian), Thuja- 
Tsuga / Pachistima 

. scouleriana Barrat var. coetanea Ball: Pinus /Symphoricarpos 
(riparian), Thuja/Pachistima, Thuja-Tsuga /Pachistima 

‘. scouleriana Barratt: Thuja/Pachistima (riparian) 

. sitchensis Sanson: Thuja-Tsuga/Pachistima 
Picea-Abies/Pachistima (riparian) 
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The above variations in or derivations from the 
Pachistima union reflect loeal extremes in shade and 
in soil moisture that are repeated frequently through- 
out the main region under study. When observations 
of the union were extended eastward to the divide of 
the Rocky Mtns. in Montana, and westward to the 
divide of the Cascades in Washington, a small amount 
In the Cas- 
cades a closely related community is conspicuous for 


of geographic variation was observed. 


the dominance of Berberis nervosa Pursh, and pres- 
cnee of Achlys triphylla (Smith) DC, the former of 
which is rare and widely seattered east of the Cas- 
cades and the latter, absent. The Cascade community 
might appropriately be called the Berberido-Pachis- 
tima union, or Berberis phase of the Pachistima union. 
In the Rockies the place of Berberis is somewhat taken 
by Coptis occidentalis, but this is not a suitable plant 
for naming the union because it extends barely to the 
western edge of Montana, whereas all of its asso- 
ciates extend much farther eastward. 
be no reason for recognizing a different named variant 
of the Pachistima union east of the range of Coptis. 
This is but one dominant of a very rich community 
that otherwise appears to maintain coherence to its 


There seems to 


eastern extremity, and no other sociologie or ecologic 
character can now be associated with its absence near 
the continental divide. Ilvessalo (1929) who applied 
the name “Pachystima-Coptis sub-type” to the union 
as observed at one station in northern Idaho did not 
observe the community eastward and so did not en- 
counter this taxonomic problem. 

The first lists of species of the Pachistima union 
for the region under study were published by Weaver 
in 1914 (p. 290, 292), and subsequent lists were pub- 
lished in 1917 (Weaver 1917, pp. 84-86, 88-89). Lar- 
sen recorded species representative of the union in 
1923, and republished the same list in 1930. Sinee 
these early lists were not based on complete studies 
of definitely circumscribed areas they cannot be com- 
pared to the writer’s quantitative analyses except to 
state that there is a very close similarity in all cases. 

Huberman (1935) published analyses of under- 
growth on plots located in one near-elimax and two 
seral stands of forest on the Thuja-Tsuga/Pachistima 
habitat type in northern Idaho. Eighteen of his 22 
species are included in Table 2 or the supplemental 
lists above. 

The Corallorrhiza-Pyrola union accompanies the 
Pachistima union throughout the Thuja-Tsuga zone, 
and in the lowermost association of the Picea-Abies 
zone. The Oplopanax union is restricted to a single 
association in the Thuja-Tsuga zone, and will be de- 
scribed later. 

The Thuja-Tsuga zone is the highest in the alti- 
tudinal series that includes arable land. The broad 
floor of the Purcell Trench that extends from the 
Canadian border southward past Lake Pend Oreille 
contains a large tract of cultivated land belonging 
to this zone, and a branch of the Idaho Agricultural 
Experiment Station is situated here. This Trench 
contains only the Thuja-Tsuga/Pachistima habitat 
type. Southward, in the vicinity of the junction of 
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the Lochsa and Selway Rivers, on the Thuja/Pachis- 
tima habitat type, the climate is much less rigorous 
so that maize and sweet potatoes can be grown suc- 
cessfully. For the most part, however, valleys in the 
zone are too narrow to provide topography suitable 
for agriculture, and cold air drainage makes frost a 
serious hazard throughout summer. 

ABIES GRANDIS/ PACHISTIMA MYRSINITES ASSOCIATION 

Upon entering the foothills and passing from the 
Pseudotsuga to the Thuja-Tsuga zone one invariably 
enters a belt of forest with Abies grandis as the eli- 
max dominant. At its lowest extreme this association 
is topographic climax on north-facing slopes; at 
higher altitudes it becomes climatic climax occupying 
considerable area in the aggregate and at its upper- 
most limits it again becomes a topographic climax but 
here occupies the summits of ridges and steep slopes 
that receive strong insolation, but still are more moist 
than the Pseudotsuga habitat type. 

Seral trees here are principally Pseudotsuga taxi- 
folia var. glauca, Larix occidentalis, and Pinus pon- 
derosa, with smaller amounts of Pinus monticola, P. 
contorta var. latifolia, and Populus tremuloides. 
Among seral trees Pseudotsuga is by far the most ag- 
gressive and so closely does the species approach 
climax status that it is difficult to find stands where 
its reproductive ability has failed completely. 

Vascular vegetation in the climax forest consists 
entirely of the Pachistima (Fig. 8) or Corallorrhiza 
unions, except along the drier ecotone where the 
Physocarpus union quickly develops in small tempo- 
rary openings or, in the Blue Mountains, as a fringe 
about the margins of large permanent openings. 





Fig. 8. Stand representative of the Abies grandis/ 
Pachistima myrsinites association. Near Harpster, Idaho. 


The soils of the Abies/Pachistima association are 
more acid than those of the lower zones (Fig. 2). 

Stands of this association have been observed by 
the writer in the upper valley of the St. Regis River 
in Montana, on the east slope of the Cascade Moun- 
tains in central Washington, and in the northern part 
of the Blue Mountains of southeastern Washington. 
Sprague & Hansen (1946) deseribe a forest in the 
Willamette Valley of Oregon in which Abies grandis 
Is assuming climax status. Their brief notes on spe- 
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cies in the undergrowth show clearly that on the basis 
of subordinate unions, their forest does not belong to 
the Abies/Pachistima association. 


THUJA PLICATA-TSUGA/PACHISTIM A 
MYRSINITES ASSOCIATION 

In the northern sector, valley bottoms and lower 
slopes that have slightly more favorable water balance 
than Abies/Pachistima habitats characteristically sup- 
port a climax dominated by both Thuja and Tsuga. 
In the writer’s experience Tsuga heterophylla appears 
to be an ever-present constituent of this association. 
On the other hand Thuja may oceasionally be lacking. 
This appears to have no real ecologie significance, for 
by a freak of circumstance, fires may have more thor- 
oughly eradicated the Thuja in these small areas, and 
sufficient time may not have elapsed for reinvasion. 
No other floristic peculiarity is correlated with the 
absence of Thuja, nor does there seem to be any cor- 
relation with present environment. 

Trees seral to this climax union inelude Pinus 
monticola, Larix occidentalis, Populus tremuloides, P. 
trichocarpa, Betula papyrifera, Pinus contorta var. 
latifolia, Pseudotsuga taxifolia var. glauca, Abies 
grandis, A, lasiocarpa and Picea engelmanni. Of these 
Pinus monticola and Larix are the most common. 
Pinus contorta var. latifolia and the two species of 
Populus are characteristic of alluvial soils, the Pinus 
being found where soils are coarse-textured, the 
others where it is relatively heavy. 

A combination of dense vegetation, high daily maxi- 
mal temperatures, and dry summer weather lead to 
devastating fires in the forests of the Thuja-Tsuga 
zone, as well as the Picea-Abies zone above and the 
In contrast to the Pinus 
ponderosa zone the climax trees of the higher eleva- 
tions are relatively sensitive to fire, although the un- 
derground organs of many shrubs and herbs survive. 


Pseudotsuga zone below. 


The sequence of plant communities that appear on 
a burned area in the Thuja-Tsuga habitat type is 
largely a reflection of the length of the life cycles of 
the invading species. The first two seasons after a 
primary fire Funaria hygrometrica Hedw. and/or the 
liverwort Marchantia polymorpha lL. may cover the 
The first season after the 
fire a number of seral vascular plants germinate and 
become established. These individuals are normally 
scattered and exhibit varying dominanee, if any, but 
in the second and third seasons either the native 


ground fairly completely. 


Epilobium angustifolium L. or exotie Cirsium vulgare 
(Savi) Airy-Shaw, or both, usually become conspicu- 
ously dominant. Seral shrubs, seral trees, and climax 
trees begin to enter the burned area in abundance the 
second year, at about the time the herbs come into 
dominance (Humphrey & Weaver 1915, Larsen 1934). 
Because of their rapid growth rate and spreading 
habit the shrubs are the first to overtop the herbaceous 
community, then the seral trees emerge through the 
shrubs, while the slow-growing climax trees are the 
last to attain dominance. Quite a few herbs and 
shrubs of the Pachistima union survive fire and share 


They 


the area immediately with the seral species. 
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multiply so rapidly, and their fire sensitive associates 
reinvade so readily, that by the time the seral forest 
is well established the undergrowth is scarcely distin- 
guishable from that of the climax forest. 

Suecession following fire is complicated by many 
factors. First, there is a wide variety of potential 
seral trees (Table 2), and these are not uniformly 
distributed, so that the composition of the temporary 
forest that invades a particular burned area is limited 
to the kinds of trees that persist on or about the edge 
of the burn. 

Secondly, because each species produces seeds in 
abundance only at cyelic intervals of several years, 
and summer weather is not always favorable for 
seedling establishment, it may be seen that among the 
trees within dissemination range of a recent burn, 
the species will be most successful which first happen 
to produce an abundance of seed the autumn imme- 
diately preceding a summer favorable for establish- 
ment. Thus, the presence of a species near a burn 
may not insure its representation in the seral forest, 
simply because of the timing of the fire with respect 
to cycles of seed production and seedling survival. 

Third, should the seral tree that is first to be fa- 
vored by fortuitous circumstances fail to completely 
occupy the burn, another species may experience the 
same combination of favorable conditions at a later 
date and at that time complete the saturation of the 
area with trees. The successional sequence resulting 
from such intermitten invasion has a very different 
significance with respect to those seres in which a 
necessarily antecedent species or community alters the 
micro-environment, and in so doing makes it possible 
for a successor to become established. Apparently 
any physiologic differences among the seral trees on 
this habitat type are too slight to be of much impor- 
tance in producing an invasional sequence among the 
seral species. 

A fourth complication in succession accrues from 
the fact that a primary fire is often followed after a 
few years by a second which burns the considerable 
quantity of litter derived from woody plants that 





Last burn not 
lethal to old Larix occidentalis with a result that the 
young stand is composed almost entirely of this species. 
This is a Thuja-Tsuga/Pachistima habitat, and despite 
its history there remain abundant relics of the Pachis- 
union. 


Fie. 9. Area burned at least twice. 
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were killed but not consumed at the time of the first 
fire. One of the outstanding results of multiple burn- 
ing is the tendency for the elimination of all tree 
species except Larix (Fig. 9). Because of their thick 
bark old Larix trees can often withstand surface 
fires where all individuals of other species are killed, 
and solely by virtue of elimination of competition 
this species gains dominance in the succeeding stand. 
Herbaceous plants often do not have a chance to 
dominate even for one year on a twice burned area 
because Salix and other shrubs can regenerate so 
rapidly from underground organs that they develop 
at least as rapidly as the herbs. 

Fifth, an occasional old tree may not be killed by 
a fire but be so injured that it dies in a year or two, 
but in this time has an ability to produce a final crop 
of seeds which give the species a position of local 
dominance in the pioneer forest. 

Finally, the effects of fire on forest composition 
are complicated by the fact that fires frequently burn 
no more than spots or strips in timber, thus creating 
small bare areas without greatly altering the micro- 
climate (see Marshall 1928). 

Pinus monticola, commercially the most important 
tree species in the region under study, is strictly seral 
but it is long-lived and is the most common relic spe- 
cies encountered in near-climax forest dominated by 
Thuja and Tsuga. 

Ordinarily the Thuja-Tsuga/Pachistima habitat 
type is ready for harvesting timber at a stage when 
Pinus monticola as a seral relic is beginning to face 
severe competition with smaller climax trees. Re- 
moval of the Pinus but furthers succession, the open- 
ings left by logging being too small and too ephemeral 
to allow this seral tree to reproduce. This situation 
constitutes a critical problem in the management of 
forests on the habitat type, for the climax trees have 
much lower commercial value at present. As a means 
of eliminating Ribes which is important in controlling 
white pine blister rust, a recommended method of 
management is to run fire over the area twice follow- 
ing logging, in order to consume inflammable debris 
and destroy young Ribes shrubs, then to plant with 
Pinus (Wellner 1946). This technique also solves 
the problem of disposing of the young climax trees. 

Old climax stands of the Thuja-Tsuga association 
are very rare. The best of these may be observed in 
the “Roosevelt Grove of Ancient Cedars” on the North 
Fork of Granite Creek, Pend Oreille County, Wash- 


ington. Many younger, near-climax stands which 
contain scattered relics of the seral forest occur 


throughout the northern sector. All these have a 
whitish A, horizon about 1 em thick, but are essen- 
tially without an A, horizon. 

The Thuja-Tsuga/Pachistima association has been 
observed as far east as the continental divide in the 
latitude of the Canada-U.S.A. border. 

THUJA PLICATA/PACHISTIMA MYRSINITES 
ASSOCIATION 

The Thuja-Tsuga/Pachistima association, a eli- 

matie climax in the northern sector is replaced geo- 
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graphically by the Thuja-Pachistima association 
southward. The Thuja association differs sociologi- 
cally from the Tsuga-Thuja association in (1) the 
complete absence of Tsuga, (2) the composition of 
the seral forest, (3) the soil profile, (4) geographic 
area, and (5) presumably in climate as well. Pseudo- 
tsuga and Abies grandis are the most abundant seral 
trees on this habitat type, although Pinus monticola, 
Pinus contorta var. latifolia, and Larix occidentalis 
are quite common, and occasionally Betula papyrifera, 
Widely secat- 
tered trees of Picea engelmanni may occur in this 


or Pinus ponderosa are encountered. 


association, apparently in the status of a seral species. 

In the region under study Abies grandis appears 
to be one of the three most shade-tolerant trees that 
may play seral roles (Picea and Abies lasiocarpa 
being the others). In the Thuja/Pachistima asso- 
ciation this tree actually approaches the climax status. 
Evidence provided by an excellent climax stand dis- 
covered in northern Idaho County, Idaho (Fig. 10), 





we" out , Oh Sos 
Fie, 10. Virgin climax stand representing the Thuja 
plicata/Pachistima myrsinites association. Near Kooskia, 


Idaho. 





indicates that Abies cannot be eliminated completely 
although it is reduced to a very minor role as sue- 
cession approximates the climax. It seems safe to 
predict that if this forest association were subject to 
intermitten cutting by management for the produe- 
tion of Thuja on a sustained yield bas's, Abies grandis 
would immediately begin to assume the role of an 
important dominant in the zootie climax, probably 
exceeding Thuja in abundance of individuals. Abies 
grandis is indicated as a major seral species rather 
than a minor climax species for the Thuja/Pachistima 
association in Table 2 only because it is so much more 
important on the habitat type in the former role. 

The soils under the Thuja association completely 
lack a whitish A. horizon and the reaction is almost 
neutral. The latter character distinguishes this eco- 
System from all other associations of the upper two 
forest zones to a striking degree (Fig. 2). 

Pinus monticola and Thuja plicata are the most 
valuable of the timber trees to be found in abundance 
on this habitat type, and their removal creates a major 
silvicultural problem on account of the aggressiveness 
with which the low-value Pseudotsuga and Abies 
grandis invade disturbed areas (Figs. 11, 12). On 
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Fic. 11. Eleven-year-old burn on a Thuja/Pachistima 
habitat near the stand pictured in Fig. 10. Thicket 
dominated by Salix, Ceanothus velutinus, Acer glabrum 
var. douglasii, ete. about 4 m tall, with abundant relies 
of the Pachistima union beneath. Young trees, chiefly 
Pseudotsuga and Abies grandis, too small to show. 





Fig. 12. 


Edge of same burn shown in Fig. 11 showing 
that where there is a good seed source Pseudotsuga ean 
invade immediately after fire. 


account of its accessibil’tv to the unforested basal 
plains of the Palouse region, the seral vegetation, 
which remains green all summer long, is used heavily 
Moderate 
use for this purpose appears not to be detrimental 


for summer sheep range in some areas. 


to secondary succession (Young, et al 1942). 

Stands representing the Thuja/Pachistima associa- 
tion have been observed as far east as the west-facing 
slope of the Whitefish Mountains in Montana. 


THUJA PLICATA-TSUGA/OPLOPAN AX 
HORRIDUM ASSOCIATION 

Of all the 13 forest associations recognized in the 
region under study the Thuja plicata-Tsuga/O plo- 
panax association occupies the smallest area. The 
significance of the association is out of proportion to 
the small area it covers, however, for the Oplopanax 
union is well developed in other forest associations 
along the Pacifie coast of North America. In the 
Rockies it is an edaphic climax found only on low 
stream terraces in narrow valleys, and is nearly con- 
fined to the northern sector. The southernmost sta- 
tion appears to be along the lower part of the Little 
North Fork of the Clearwater River in Clearwater 
County, Idaho. In some instances the habitats are 
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flooded seasonally; usually the stands are traversed 
lengthwise by permanent rivulets. The soils usually 
are gravels that have an extremely small percentage 
of particles passing a 2mm screen, but one profile 
analyzed was a uniformly white diatom deposit of 
exceptionally high water holding capacity (Fig. 2). 

Thuja plicata and Tsuga heterophylla share domi- 
nance in the climax forest, or either may be present 
to the exclusion of the other. The only seral conifers 
which have been observed on this habitat type by the 
writer are Abies grandis and Pinus monticola (but 
see note for Table 2). Taxus brevifolia has been ob- 
served onee; the low tree Cornus stolonifera Michx. 
is usually present but never abundant. 

The most outstanding character of this plant asso- 
ciation is a union dominated by Oplopanax horridum 
(Fig. 13). This shrub, growing from 1 to 3m in 
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Fig. 13. Stand representative of Thuja plicata-Tsuga/ 
Oplopanax horridum association. Granite Creek, Pend 
Oreille County, Washington. Pachistima union is well 
developed beneath the Oplopanar-Athyrium canopy here. 


height, has thick, little-branched stems beset with 
sharp spines which render travel exceedingly uncom- 
fortable unless a path is chopped out ahead of the 
traveller. The leaves, with iso-diameteric blades to 
about Ym in diameter, are crowded at the stem tips 
and so arranged in a horizontal mosiae as to promote 
complete coverage by the shrub, although coverage 
in the stands is not 100% except in rather cireum- 
scribed patches. The second most conspicuous mem- 
ber of the union is Athyrium filix-femina which in 
this union attains its greatest luxuriance, growing 
about 1-1.5m tall. In recognition of the abundance 
of Athyrium, which however is never dominant, 
Ilvessalo (1929) includes this union in a “fern type” 
which he describes for both eastern and western 
Canada. 

Beneath the deciduous canopy of Oplopanax and 
Athyrium there is ample light for a rather typical 
development of the Pachistima union (Table 1). Two 
species attain high constancy only where the Pachis- 
tima union in this combination: Streptopus 
amplexifolus and Cinna latifolia. 

Athyrium has much wider ecologic amplitude than 
Oplopanax and is sometimes encountered growing in 
dense patches where the soil is especially moist, with 


occurs 
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the Pachistima union beneath, but without Oplopanax. 
These communities have been considered as incom- 
plete the Thuja-Tsuga/Oplopanax 
association and have not been analyzed. 


expressions of 


The Thuja-Tsuga/Oplopanas association has been 
observed as far east as the continental divide along 
the Canada-U.S.A. border. 


PICEA ENGELMANNI-ABIES LASIOCARPA ZONE 


In the highest belt of forests in the region under 
study Picea engelmanni and Abies lasiocarpa are the 
most characteristic and ubiquitous dominants. Neither 
tree is absolutely confined to the zone, although Abies 
is rare and Picea uncommon in the next lower zone. 
Tree species restricted to the zone are Pinus albi- 
These 


three play climax roles, at least on certain habitat 


caulis, Larix lyallii, and Tsuga mertensiana, 
types, but none is as widely nor as uniformly dis- 
tributed as the Picea or the Abies. 

The “forest type” Baker et al 
(1945) states that Tsuga mertensiana cannot be pres- 
ent in significant amounts in the “Engelmann spruce- 
alpine fir type.” This statement needs qualification 
inasmuch as a separate Tsuga mertensiana type is not 


¢lassification of 


recognized by Baker, et al and the authors apparently 
intended it to be a comprehensive account. All Tsuga 
mertensiana observed by the writer in the Rockies is 
in the spruce-fir zone; where it occurs it exists not 
only in various mixtures with Picea and/or Abies 
lasiocarpa, but it may also dominate to the exelusion 
of these two trees. 


PICEA ENGELMANNI-ABIES/PACHISTIMA 
MYRSINITES ASSOCIATION 

The Picea-Abies/Pachistima association oceupies 
the lowest part of the main area of the spruce-fir zone, 
As a 
topo-edaphic climax, peninsular strips of it extend to 
rather low elevations where they often expand to 
cover the floors of frost pockets in valleys surrounded 
by some representative of the Thuja-Tsuga zone. 


and appears to be the climatic climax here. 


Usually both Picea engelmanni and Abies lasiocarpa 
dominate together, but on Moscow Mtn., Latah 
County, Idaho, this species of Abies is altogether 
lacking from the stand. Tsuga mertensiana is locally 
an additional climax dominant. In the restricted 
regions where this T'suga mingles with or completely 
supplants Picea and Abies there appears to be no 
other floristic nor accompanying ecologic peculiarity 
to justify splitting off distinctive associations. In 
fact, to accord such nomenclatorial recognition would 
he to exactly double the number of associations in the 
spruce-fire zone. 

Seral trees on the Picea-Abies/Pachistima habitat 
type include Pinus monticola, Abies grandis, Pseudo- 
tsuga taxifolia var. glauca which are very abundant, 
Larix occidentalis and Pinus contorta var. latifolia 
The relative aggressiveness 
and Pinus monticola 


which are less abundant. 
of Abies grandis, Pseudotsug 
following fire is a rather consistent feature distin- 
guishing the tree union on this habitat type from all 
others in the spruee-fir zone. 
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As the name implies the Pachistima union charae- 
terizes this association of the Picea-Abies zone (Fig. 
14), as well as the four associations in the Thuja- 
Tsuga zone. At higher altitudes in the spruce-tir 
yone the Pachistima union is completely replaced by 
either the Xerophyllum union on south-facing slopes, 
or the Menziesia plus the Xerophyllum union on 
north-facing slopes. This undergrowth, always char- 
acteristic of higher elevations, frequently extends 
down across the lower part of the spruce-fir zone 
where the Pachistima union is present (and may 
oceasionally be represented in the uppermost part of 
the Thuja-Tsuga zone). Thus there may be recog- 
nized three kinds of stands in the lower part of the 
Picea-Albies zone: 

Picea-Abies} Pachistima (on certain north-facting slopes, 

and certain south-facing slopes) 
Picca-Albies/Pachistima/Xerophyllum (on certain south- 
facing slopes) 
Picca-Albies/ Pachistima/Menziesia/ Xerophyllum (on 


certain north-facing slopes ) 


Rather than establish three associations here the 
presence or absence of the Pachistima union is con- 
sidered more significant than the presence or absence 
of the other two, and for the present at least all three 
kinds of stands will be grouped into the same associa- 
tion. The reasons for this are: (1) There is no geo- 
graphic or ecologic character that appears to distin- 
guish habitats where the Pachistima union is accom- 
panied by the others from those where it is not. (2) 
Soil characters in all three types of stands are rather 
similar, but stand in sharp contrast to stands at higher 
altitude where the Menziesia and Xerophyllum union 
occur without the Pachistima, the Menziesia and 
Xerophyllum unions thus demonstrating an ability to 
grow on Pachistima soils although the reverse is not 
true (Fig. 2). Researches in the future should be 
planned so as to test the advisability of continuing 
this practice of lumping, but for the present it seems 
best to recognize no more than a Xerophyllum and a 
Menzicsia facies of the Pachistima union. It is true 
that the Picea-Abies/Pachistima association is transi- 
tional between the remainder of the Picea-Abies zone 
and the Thuja-Tsuga zone below, but it is far too 
extensive vertically and horizontally and exhibits too 
feeble a gradient across its vertical extent, to be re- 
duced to the status of an ecotone. 

Typical stands representing this association are 
well represented in the lower part of the Picea-Abies 
zone in the Blue Mountains of southeastern Washing- 
ton. Between Haugan and St. Regis, along the St. 
Regis River in Montana, is a stand of the Xerophyl- 
lum facies of the Picea-Albies/Pachistima association. 
Two other closely related stands have been noted in 
Montana, one just east of Logan Pass in Glacier 
National Park, the other in the east slope of the 
Whitefish Mtns. Both of these possess undergrowth 
that is floristieally typical of the Pachistima union, 
but in both these stands, Rubus parviflorus forms a 
nearly complete cover. Along roadsides in eastern 
Washington and northern Idaho, Rubus commonly 
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assumes a rather dominant pos:tion where disturb- 
ance has consisted chiefly of increasing insolation, 
but in the two Montana stands the forests were of 
normal denseness. 
recognition of a 
Pachistima union. 


More observation may justify the 
Rubus parviflorus facies of the 


PICEA ENGELMANNI-ABIES/XEROPHYLLUM 
TENAX ASSOCIATION 

Above the upper limits of the Pieea-Abies/Pachis- 
tima habitat type, interstream areas on south-facing 
slopes are usually occupied by the Picea-Abies/Xero- 
phyllum association. With the exception of those 
regions where Tsuga mertensiana is found, Abies is 
the principal dominant, for Picea is seldom abundant 
and often entirely lacking 
this habitat type include: Pinus albicaulis, P. con- 


here. Seral species on 


torta var. latifolia, and rarely Pseudotsuga taxifolia 
In Montana, Pinus 
albicaulis in part. Beeause this 
forest is limited to south-facing slopes it is considered 
a topographic climax. 


var. glauca, or Larix occidentalis. 


flexilis replaces P. 


The undergrowth is characterized by the Xero phyl- 
lum union (Table 1), in which Xerophyllum tena, 
usually with 
importance, forms a well defined union about 4 dm 
Coverage by these two species 


Vaccinium membranaceum second in 


tall (Fig. 15, 16). 









Fig. 14. Stand representative of the Picea engelmanni- 
Abies  lasiocarpa/Pachistima  myrsinites association. 
Frenchman Butte, northern edge of Idaho County, Idaho. 





/ D> Pe Aci. 

Fig. 15. Stand representative of the Picea engelmanni- 
Abies lasiocarpa/Xerophyllim tenax association. Head 
waters of Skalkaho Creek, Sapphire Mtns., Montana. 
Note sterile condition of Xerophyllum. Vaccinium mem- 
branaceum second in importance. 











Fig. 16. 


Abundant flowering of Xerophyllum union 
on burned Picea-Abies/Xerophyllum habitat. Trees 
mostly Pinus contorta var. latifolia. Horton Ridge, 


Boundary County, Idaho 


is rather complete, and other species are poorly repre- 
Small colonies of Vaccinium scoparium Lei- 
berg or V. myrtillus L. are occasionally encountered. 
The remarkable degree of floristic impoverishment 
found here is equalled only by that of the Picea- 
Abies/Menziesia association (Table 2). 


sented. 


The soils are decidedly more acid than in associa- 
tions at lower altitude where the Pachistima union is 
found, the dividing point for the first decimeter being 
in the range of about 5.1 to 5.2 According to the 
limited information available (Fig. 2) the leached and 
acid condition does not extend as deeply in the pro- 
file in the Picea-Abies/Xerophyllum as in the Picea- 
Abies/Menziesia association. Many species are prac- 
tically confined to these components of the vegetation 
which are characterized by the Pachistima union. 
Apparently they cannot tolerate the dry soils at lower 
altitudes or the acid, leached soils at higher altitudes. 


PICEA ENGELMANNI-ABIES/ MENZIESIA 
FERRUGINEA ASSOCIATION 
Because the Picea-Abies/Menziesia association oc- 
cupies the limited areas of level and undulating 
topography, as well as extensive areas on north-facing 
slopes, and ravines on south-facing slopes, it is con- 
sidered the climatic climax of the upper part of 
Tsuga 


spruce-fir zone in the region under study. 
mertensiana locally shares the role of climax dominant 
with Picea and Abies. 
on this continually moist habitat type than on others; 


Forest fires are less common 
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the only seral trees observed are Pinus monticola and 
Larix occidentalis. 

The Xerophyllum union is present in this associa- 
tion, but it has lower coverage and is far overtopped 
by a dense union of deciduous shrubs, ordinarily about 
two meters tall, dominated by Menziesia ferruginea 
(Fig. 17). Toward the Canadian border Rhododen- 
dron albiflorum Hook. may equal or exceed Menziesia 
in abundance; near the Salmon River Ledum glandu- 
losum Nutt. (evergreen) accompanies or occasionally 
supplants Menziesia. Sorbus scopulina Greene or 8, 
sitchensis Roem, are seattered in this tall shrub com- 
munity. 
ziesia therefore becomes the most ubiquitous diag- 


The high percentage of coverage by Men- 


nostie character of the Menziesia union. 

Ordinarily the stems of these tall shrubs are per- 
manently deformed by the weight of the deep blanket 
of snow that cover them during the long winter sea- 
sons. On level ground the stems are contorted in a 
very erratic fashion, but elsewhere all stems are bent 
Cownslope in such a manner that the ascent of such 
a slope by a person on foot is extremely difficult. 

Goodyera oblongifolia and Luzula glabrata are the 
most constant representatives of an herbaceous flora 
that is the most impoverished of all associations under 
study. 

Coolness and wetness are so pronounced that the 
most extreme degree of podsolization the writer has 
observed in the region was found in this association. 
The whitish Ay horizon commonly exceeds 5 em thick- 
The degree of acidity in these soils may be 
even than in the Picea-Abies/ Xero- 
phyllum association (Fig. 2). It is interesting to 
note, however, that despite the leached character of 
these podsols, the divalent cations are still unreplaced 
by hydrogen to the extent that is common in podsols 


ness. 


more extreme 


elsewhere. 
PICEA ENGELMANNI-ABIES/VACCINIUM 
SCOPARIUM ASSOCIATION 

In the Rocky Mountains to the north, south, east, 
and west of the region under consideration occurs a 
well-defined association in the Picea-Abies zone in 
which the undergrowth is sparse, of low stature, and 
dominated by the dwarf deciduous shrub Vaccinium 
scoparium. This union (first described by Ilvessalo 
in 1929) is ordinarily 1-3 dm tall and characterizes 
the Picea-Abies/Vaccinium scoparium association. 

Because stands with 
represented (if not dominant) are marginal and clear- 
ly transitional to the region under study, no analyti ~al 


Vaccinium scoparium well 


data are presented. 

In typical form (i.e., lacking a significant element 
of the Menziesia, Xerophyllum, or Pachistima unions) 
the Picea-Abies/Vaccinium scoparium associatiort has 
not been observed in the region under study. How- 
ever, southward from the middle fork of the Clear- 
water River to the Salmon ‘River the Vaccinium sco- 
parium union assumes increasingly greater importance 
in the associations deseribed above. Northward from 
the Clearwater River the shrub has been observed in 
small widely separated colonies, nearly always on the 
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Fic. 17. Stand representative of the Picea engelmanni- 
Abies lasiocarpa/Menziesia ferruginea association. Men- 


ziesia approximately 2 m tall here. 
perimental Forest, Bonner County, Idaho. 
courtesy of Henry W. Smith. 


Priest River Ex- 
Photo by 


Picea-Abies/ Xerophyllum habitat type, practically as 
far as the Canadian border. Extensive stands of the 
Picea-Abies/Vaccinium scoparium association repre- 
sent the Picea-Abies zone in the Blue Mtns. of South- 
eastern Washington. Here the Vaccinium scoparium 
union is diluted with such members of the Pachistima 
union as Anemone piperi, Thalictrum occidentale, 
Lonicera ebractulata, Vaccinium membranaceum, ete. 
The Picea-Abies/Vaccinium seoparium association 
with typical undergrowth has been observed in pe- 
ripheral areas at the following stations: in northern 
Washington on Marble Mountain in the Kettle Range; 
in Montana just east of Skalkaho Pass in the Sap- 
phire Mountains, on Wildhorse Creek in the Gallatin 
Range, and near Beartooth Lake in the Beartooth 
Mountains. Near the mouth of Red Meadow Creek 
in the Whitefish Range, Montana, the Vaccinium 
scoparium union is enriched by members of the Pach- 
istima union, as in the Salmon River region in Idaho. 

In the transitional region between the Clearwater 
and Salmon Rivers the most abundant seral trees in 
the Picea-Abies zone are Pinus albicaulis at high 
altitude, and P. contorta var. latifolia at low altitude. 
At Red Meadow Creek, and in the Blue Mtns., Larix 
occidentalis is seral where the Vaccinium scoparium 
union is telescoped with the Pachistima union, On 
Marble Mtn., in the Kettle Range, Larix is a seral tree 
accompanying Pinus contorta var. latifolia. In the 
Medicine Bow Mountains of southern Wyoming, where 
typical stands of the Picea-Abies/Vaccinium scopa- 
rium association have been observed by the writer, 
Pinus contorta var. latifolia is the only important 
seral tree on this habitat type. 

UPPER TIMBERLINE 

Apparently none of the mountains in the region 
under study extends above upper tree line, but many 
are high enough that timberline conditions are well 
represented. Here Picea engelmanni, Abies lasio- 
carpa, Pinus albicaulis and less commonly Larix 
lyalii dominate. The writer has had no opportunity 
to determine whether or not Tsuga mertensiana ex- 
tends to this altitude in the Rockies. 
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The trees are seattered individually or in small 
groups, and stunting, wind-pruning, and wind-defor- 
mation are everywhere evident in various degrees. 
Aside from the distinctive physiognomy, other unique 
features of the trees are the frequently sterile condi- 
tion of Abies, and the persistence of 
needles which may remain on the branches of these 
trees for over 15 years. 


Picea and 


The shrubby and herbaceous vegetation associated 
with the above tree communities is a variable mixture 
of plants drawns from the forests below, and plants 
peculiar to timberline or alpine regions. It has been 
impossible thus far to recognize any degree of vegeta- 
tion organization comparable to the associations for 
lower elevations, hence the timberline vegetation has 
been considered ecotonal and was not analysed. 

Timberline vegetation as described above is fre- 
quently interrupted by areas of talus, boulder fields, 
or glaciated rock surfaces which support only erevice 
herbs more characteristic of truly alpine regions. If 
these scattered plants may be considered to constitute 
a community it might appropriately be called the 
Athyrium americanum-Oxyria-Sibbaldia association. 
On habitats where the soil is better developed, but 
where the late-persisting snow inhibits trees, a dense 
low sward of characteristically alpine herbs occurs. 
Dominants of this association are usually Cares ni- 
gricans and C. podocarpa. 

When fire destroys the timberline forests reinvasion 
is very slow and there seems to be no significant seral 
relationships among the tree species. 

Baker, et al (1945) refers to the arborescent vege- 
tation described above as the “white bark pine type.” 
All four additional associations in the Picea-Abies 
zone which are described here are lumped under the 
“Engelmann spruce-alpine fir type.” 


EVALUATION OF CONCEPTS IN FOREST 
CLASSIFICATION 

If due consideration is given to the fact that each 
stand has had a more or less distinctive developmental 
history, but by the age-class distribution of its woody 
plants can be related successionally to one of several 
easily recognized climax associations, the forest vege- 
tation of the northern Rockies does not appear as a 
continuum with strong gradients extending in all di- 
rections. This is proven by the similarity in the 
basie vegetation divisions recognized by different ecol- 
ogists and foresters who have approached the subject 
of vegetation classification widely divergent 
viewpoints (e.g. Larsen, Ilvessalo, J. E. Weaver, and 
the writer). Neither is the vegetation composed of 
sharply defined units that can easily be deseribed in 
terms >f discontinuities in the distributions of sepa- 


from 


rate species. However, there are broad pieces of 
vegetation characterized by a relatively low degree of 
variation or gradient (the stands), that are separated 
by narrow areas of sharp gradients (the ecotones) 
wherein the relative dominants of species-groups (the 
unions) changes rapidly. It is possible to compose 
generalized descriptions based upon similarities and 
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differences among stands which permit the grouping 
of ecologically equivalent, but by no means identical, 
stands into the same association. Certain of the asso- 
ciations and unions are well defined and easily charac- 
terized (e.g. the Thuja-Tsuga/Oplopanasx association, 
or the Pachistima union), whereas other vegetation 
units are poorly defined and may be characterized in 
only a very generalized fashion (e.g. herbaceous vege- 
tation accompanying the Physocarpus union). On 
account of the complexity resulting from floristic 
richness, wide ranges in soil and topographic condi- 
tions, unequal opportunities for ecologically equiva- 
lent species to oceupy a given arca, strong climatic 
differentiation, and frequence of disturbances of 
varied types and intensities, the existing forest vege- 
tation presents an almost endless array of variations. 
All of these can, however, be related suecessionally to 
13 basic ecosystems. 

Although vegetation classification has long been a 
matter of basic importance in both theoretical an1 
applied botany, the methods used in classification still 
exhibit wide variation among different workers in dif- 
ferent geographic areas. The results of the preseni 
study provide a material contribution toward a crit'- 
cal evaluation of the different systems that are in use. 
If a universally applicable approach toward vegeta- 
tion classification is possible, it must be so developed 
as to be applicable to the vegetation of the Rocky 
Mountain areas as well as other regions. 

Forest classifications have been made on four prin- 
cipal bases. Some have used the arborescent union 
exclusively to characterize the vegetation units, e.g. 
the “cover type” or “forest type” classification of 
foresters in the U.S.A. Others have ignored the trees 
and used the structure and composition of the under- 
growth shrubs, herbs, and eryptogams to distinguish 
forests, e.g., the Finnish “forest type” or “forest 
(site) type” classification. A third group concentrate 
their attention on soils and topography in the belief 
that vegetation is not equally as good an indicator of 
biologically equivalent areas. And finally there are 
those who consider it necessary to take into account 
the characteristics of all of the above components of 
ecosystems in defining the units of forest classification. 

The ecosystem concept,” which to the writer seemed 
increasingly more natural and useful as this study 
advanced, is not new, finding clear expression as far 
back as Morosov’s classification of Russian forests 
published in 1904. Although Morosov’s work actually 
represents no more than the culmination of a trend of 
thought that had begun at least half a century earlier, 
the 1904 paper erystallized the concept, presenting it 
in such a fashion as to attract wide interest in Europe. 
It is significant that this system of vegetation classi- 
fication was developed concurrently with the system 
of soil classification with which it is in close harmony, 
and although the soil concepts have been widely ac- 
cepted the vegetation concepts are as yet unknown to 
the majority of plant ecologists outside of Russia. 
Morosov considered the dominant union, subordinate 


“geobiocoenosis’’ by Russians (Su- 


* Now recognized as the 
katchev 1950). 
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vegetation, animals, climate, topography and soil all 
as parts of a natural entity, a concept now becoming 
known in the English language as the ecosystem. A 
second notable feature of Morosov’s concept was that 
the reproductive abilities of different tree species on 
each habitat type were considered important, thus 
leading to a clear distinction between climax and seral 
communities. Much subsequent work by Russians 
has followed Morosov in a general way, but numerous 
modifications of the concept have been attempted. 
Thus Sukatchev (1928) arranged forest ecosystems 
into a series somewhat comparable to the present 
‘ratena concept of North American soil scientists— 
each member of one series finding its counterpart in a 
Recently 
Sukatchey would modify Morosov’s concept by abol- 
ishing the distinction between climax and seral stands; 
to him the succession concept is “unnecessary” (Su- 
katchey 1950). The latter of Sukatchev’s modifiea- 
tions definitely cannot be accepted for the northern 
Rocky Mountains. Without the succession concept 
here, silviculture (Forest Practices Committee 1948) 
and phytosociologie classification would both become 


homologous series in a different region. 


chaotic. 

Ecosystems are recognized most easily in the field 
as combinations of unions. Russian forest ecologists 
long ago recognized this, and some have used the 
same system of nomenclature as the writer has used, 
1.e., diagnostic names which indicate the combinations 
of unions that characterize the associations. 

Several bases have been proposed to define the 
smallest units of vegetation, which are here called 
unions. A. Kerner in 1863 and R. Hult in 1881 were 
responsible for the development of the concept of 
“lavers” or “layer societies.” In 1918 H. Gams ree- 
ommended that subdivisions of the phytocoenosis be 
defined on the basis of Raunkiaerian life forms. It 
should be obvious from earlier discussions that the 
writer has found neither of these modes of defining 
the union acceptable, although he tried to use the 
layer concept in the 1942 study. In contrast, the 
more flexible concept expressed by Gleason in 1926 
has proven to be very useful: “It has often appeared 
to the writer that much of the structural variation in 
an association would disappear if those taxonomic 
units which have the same vegetational form and be- 
havior could be considered as a single ecological unit” 
(Gleason 1926). This was Gleason’s entire contribu- 
tion to the concept; he made no further comments. 
nor did he test this idea in the field. The writer's 
studies have indicated that more weight should be 
accorded ecologic “behavior,” interpreting this as 
similarity of ecologie amplitude within a_ limited 
study area, giving less weight to “vegetational form.” 
If Linnaea, Adenocaulon and Taxus have essentially 
identical autecologies throughout the study area, this 
fact should not be undervalued on account of the 
great diversity in life form and stature represented 
by these subordinate, sciophytic mesophytes which 
are intolerant of highly leached soils. 

The concept of the association (sensu phytocoeno- 
sis) as a group of distinctive unions has been taken 
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seriously by relatively few North American workers, 
among whom may be mentioned Cain & Penfound 
(1938), Cain & Sharp (1938), Billings & Drew 
(1938), Oosting & Billings (1943), et al, although 
essavs on the merits of the concept have been pub- 
lished in North American literature by Cain (1936) 
and by Lippmaa (1939). In most work on North 
American vegetation, analyses are not made in rela- 
tion to a careful preliminary division of the entire 
association into its component sociologic groupings, 
or if the unions are distinguished, one is given far 
too much attention at the expense of the others. There 
is a strong tendency to lay out plots with emphasis 
on the mechanics involved and simply annotate their 
contents, without giving much hint of the existence 
of important phytosociologic relationships that lace 
a vegetation matrix together. 

Returning briefly to Gleason’s remark quoted above, 
the implication is clear that there are two levels of 
variation in vegetation. One is a result of chance dis- 
semination and survival, or unequal vegetation spread, 
that produces unpredictable variat‘on from place to 
place in a community even though the environment is 
essentially uniform. The greater the floristic richness 
of the community the greater this type of hetero- 
geneity. The second level of variation results from 
intrinsic differences in habitat types and determines 
the areas occupied by different associations, their 
When any as- 
pect of this type of variation is known, the remainder 
is predictable. Variations of the first category must 
be taken into account in describing the structure and 
composition of the unions, whereas variation at the 


seres, and their derived diselimaxes. 


higher level is important in describing the associa- 
tions that comprise the vegetal matrix. 

The union concept is basically subjective, but the 
constancy studies reported above show that it is pos- 
sible to make objective analyses that are of great 
value in reducing the personal error involved in mak- 
ing the initial subjective delimitations of the unions. 

Statistical studies have little if any value in dis- 
covering the limits of vegetation entities, “but it may 
properly be pointed out that the intimate knowledge 
of vegetational structure obtained in this way may 
easily lead to a much fuller appreciation of syneco- 
logical structure, entirely aside from any merits of 
the actual statistical results” (Gleason 1926). 

The delimitation of natural sociologie entities in a 
complex and largely disturbed vegetation is by no 
means an easy task that can be resolved to simplicity 
in a short time; even a small area of vegetation may 
contain thousands of species which at first seem to 
form a chaotie pattern. However, if attention is con- 
fined to a reasonably uniform climax or near-climax 
stand and the species are first grouped according to 
similarity in ecology as indicated by phenology and 
life form or stature, a reasonably good segregation of 
unions results. The preliminary list for one stand of 
a union is generally long and unwieldy, and of defi- 
nitely limited significance because it includes species 
uncommon in the community. Therefore a series of 
similar stands should be compared next to ascertain 
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which of the species oceur regularly, i.e., have high 
constancy, in stands of the same type. In this way 
a shortened list of infinitely greater value in charac- 
terizing the community is obtained, and at the same 
time the investigator has opportunity to note the 
amplitude of variation that is encountered before a 
From such studies 
of climax or near-climax stands one can proceed to 


significant hiatus is encountered. 


interpret disturbed vegetation with relative ease, at 
least under conditions now existing in the area of 
study. 

To the taxonomically-minded the inclusion of other 
species in each stand along with the characteristic 
species is disconcerting. Most species occur in sev- 
eral communities, and some (e.g. Amelanchier alni- 
folia) may attain equal abundance in more than one, 
vet this phenomenon does not obliterate community 
limits if a series of characters including dominance 
and succession are used jointly as the basis of de- 
limitation. 
different stands of a union these incidental species 


In reporting the results of analyses of 


should be included where found, although they con- 
tribute nothing to the diagnostic characterization. A 
plant likewise 
which 


characters 
And as 
pointed out earlier the most characteristic species of 


species possesses many 


are of no taxonomie consequence. 
a union my be loeally absent, vet the situation does 
not defy classification. One can identify specimens 
of Calypso bulbosa before the flowers, upon which 
taxonomy is based, appear, simply by tak-ng all other 
characters into account. 

Another common phenomenon that emerges as the 
study of unions progresses is that contiguous habitat 
tvpes (eg. Picea-Abies/Xerophyllum and Picea- 
Abies/Menziesia) may present critically different con- 
ditions to one union (Menziesia) but not to another 
(Xerophyllum). In progressing up a north facing 
slope across a Picea-Abies/Menziesia stand which also 
contains the Xerophyllum union, the species of the 
Menziesia union thin out at about the same point on 
the crest of the ridge although the other two vascular 
unions continue far down the south slope. 

Where two contact 
practically all species may occur on both sides of the 


these associations come into 
ecotone, and from a simple taxonomic viewpoint dif- 
ferentiation would seem to rest on a slender founda- 
tion,—the presence or absence of Menziesia being the 
only absolute floristic difference which separates a 
stand of Picea-Abies/Menziesia that occupies the 
north half of a mountain from a stand of Picea- 
Abies/Xerophyllum which occupies the south half. 
To the ecologist this essential identity of the two floras 
is a minor matter compared with the facts that the 
differ also as to (1) microclimate, (2) 
degree of podsolization, (3) abundance of game, (4) 


two stands 
stature of trecs, (5) possibility of supporting Pinus 
nonticola subsequent to burning, and (6) physiog- 
The situation is comparable to a subspecies 
distinguished by less than 1% of its thousands of 


nomy. 
gencs, but these few so change the appearance and 
geographic distribution that recognizing the entity is 
very desirable. 
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While the foregoing discussion is offered to sub- 
stantiate statements as to the importance of close 
study of subordinate unions in vegetation classifica- 
tion, one must not go so far as to assign superior 
indicator significance to forest undergrowth every- 
where as is done by the Cajander school. Consider- 
able significance must be attached to the fact that 
over the ecologic range of the Pachistima union there 
are subtle habitat differences that seem not to affect 
the structure or composition of this union, but which 
are sufficient to throw the environmental balance in 
a direction favoring a climax dominated by Abies 
grandis in one place, by Thuja in another, hy Thuja 
plus Tsuga in another, and by Picea plus Abies lasio- 
carpa in still another. The contrast between homo- 
geneity in undergrowth and divergence in soil char- 
acters between the Thuja/Pachistima and Thuja- 
Tsuga/Pachistima especially note- 
worthy 

The work of Cajander (1909) and others who have 
followed his methods (Ilvessalo 1929, Heimburger 
1934, Kujala 1945, ete.) represents a distinctive view- 
point in which the workers base their vegetation clas- 
sification entirely upon the subordinate vegetation, 
and accord practically no importance to plant sue- 
cession. It is not difficult to find a reason for the 
custom of long standing in certain parts of north- 
western Europe of virtually ignoring the tree union 
in forest classification. Forestry there is based pri- 
marily on Pinus sylvestris and Picea abies which are 
the only coniferous tree species. Where these oecur 
on the same habitat the Pinus is seral to the Picea, 
but on land managed intensively for timber produc- 
tion there may be no opportunity for the latter to 
assert its superior competitive ability. For the most 
part trees are cut singly as soon as they are large 
enough to be useful (in some instances when diameter 
at breast height reaches 2in.!), a process which per- 
petually keeps the forest so open that insolation at 
the ground remains above the high minimum require- 
ments of the Pinus. In such a simply developed 
zootic climax the two spec’es are ecologic equivalents 
and their theoretical successional relations can be 
safely ignored without jeopardizing the land use sys- 
tem. Consequently attention is largely directed from 
the tree union to subordinate unions. 

These conditions stand in direct contrast to the 
forests of the northern Rockies where nearly all stands 
owe their origin to fires, therefore tend to be even- 
aged with a result that most of the trees mature at 
about the same time. Most of the valuable species 
are seral and when one of these is old enough to cut, 
an understory of slow-growing climax species has 
generally become well developed. Cutting therefore 
serves only to hasten the course of succession so that 
a forest of low commercial value but of unlimited 
tenure comes into full possession of the habitat. Until 
recently, when a market for low-value species has 
developed, fire has been the only method of perpetuat- 
ing these seral trees, and its practicality is attested 
by the continued productivity of the land in the face 
of natural burning that has been taking place for 
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millennia. With a complex flora of seral and climax 
trees, an intricate mosaic of small fragments of dif- 
ferent habitat types, and a process of stand renewal 
that involves complete destruction, successional rela- 
tions cannot be ignored regardless of the aims of man- 
agement. The sociology of the arborescent union is 
at least equal in importance to that of subordinate 
unions. 

If Cajander’s method were used in the writer’s 
study area one could not distinguish the shrub thickets 
on north-facing slopes in the grassland (Daubenmire 
1942) from the Pinus/Symphoricarpos association, 
nor distinguish between Pinus/Physocarpus and Pseu- 
dotusga/Physocrapus associations, nor differentiate 
the several associations where the Pachistima union 
alone may form the undergrowth. Westveld (1951) 
also notes this phenomenon in the forests of north- 
eastern U.S.A. 

In 1931 Kujala (1945) spent about three months 
in the interior of British Columbia in an attempt to 
classify the forests there on the same basis used in 
his native Finland. Despite the fact that Kujala and 
the writer may have dealt with some identical asso- 
ciations, approaches and results have been somewhat 
different. 

The frequence with which Kujala’s stands were 
dominated by Pinus contorta var. latifolia or by Popu- 
lus tremuloides shows that he did not attach much 
importance to secondary succession, in accord with 
the viewpoint prevalent in northeastern Europe. Al- 
though it is true that many plants of subordinate 
unions sprout from underground organs following a 
fire, the altered conditions also allow many other 
species to enter upon the area temporarily and thus 
give the vegetation a distinctly different aspect for 
some time so that climax or near-climax stands alone 
provide the critical data essential to the delimitation 
of fundamental vegetation units. Failure to take this 
into account prevents drawing clear-cut distinctions, 
and multiplies complexity by separating the ephe- 
meral conditions of a union from the climax condition. 
The writer agrees fully with Lippmaa (1939) and 
others that disturbed areas can be interpreted cor- 
rectly only after the undisturbed are understood. 

Whether a result of ignoring the disturbance factor 
or not, Kujala has provided sample plot data for as 
many as 32 kinds of forest in an area with size com- 
parable to eastern Washington and northern Idaho 
for which but 13 entities are recognized by the writer. 
The Picea-Abies/Vaccinium scoparium association of 
the writer is treated as two types and four phases by 
Kujala. Seven of Kujala’s entities contain Pseudo- 
tsuga plus Abies lasiocarpa, a combination recognized 
but once in the present study. The Pachistima union 
of the writer is indistinguishable from Kujala’s Vae- 
membranaceum, Rubus pedatus-Vaccinium 
membranaceum, Tiarella-Rubus Mitella- 
Tiarella-Rubus pedatus, Pdchistima, and Tiarella- 
Pachistima types. The writer has observed many 
variations in species dominance within the Pachistima 
union, but as these seem endless and unrelated to 
either the physical environment or the kinds and 
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sociologie relations of associated trees, he sees little 
justification for giving them nomenclatorial recogni- 
tion in the Washington-Idaho forests. It is signifi- 
cant that six of Kujala’s 32 forest types are based on 
single stands which he encountered, a practice which 
seems hazardous in view of the wide variation in 
vegetation composition.’ 

Although a few other attempts have been made to 
apply the Finnish viewpoint to North American for- 
ests, there has been an overwhelming tendency both 
in forestry and theoretical ecology to delimit vegeta- 
tion types according to species of the dominant union 
alone. This too is impractical in the northern Rockies. 
Climax stands of Pinus ponderosa differ markedly 
in physiognomy, soil, and climatic relations, response 
to fire, growth rate of trees, ete., and these differences 
can be accounted for only in a classification scheme 
that accords suhordinate vegetation a position of 
equal importance with the dominant union. 

Still another viewpoint is exemplified by Coile 
(1938) who considers vegetation, especially under- 
growth, as unimportant in forest classification. He 
started with the premise that in general tree roots 
extend deeper than those of shrubs and herbs, an as- 
sumption that stands in opposition to the only special 
study that has been made of the problem (Kivenheimo 
1947), and then reasoned that trees should be more 
sensitive to the fundamental habitat differences be- 
cause they are influenced by the nature of soil horizons 
lying too deep to affect the structure or composition 
of the undergrowth. Also, he believes that trees are 
more directly affected by intrinsic climatic factors 
than is the undergrowth, for the latter occupies a 
microenvironment the nature of which is strongly 
determined by the tree union. These deductions led 
Coile to conelude that undergrowth is not to be trusted 
as an indicator of soil conditions that affect trees. 

In partial substantiation of this viewpoint it might 
be pointed out that in some eases at least, there seems 
to be no evident variation in undergrowth accom- 
panying environmental variations which affect tree 
vigor within one habitat type. In the region under 
study there may be observed distinct variations in the 
maximum possible heights of trees among different 
stands of the same association. Others, such as Viro 
(1947), have reported the same for different regions. 

* There is a good possibillity that European ecologists in gen- 
eral tend to attach too much importance to variations in the 
specific composition of a union. Their stands are for the most 
part so discontinuous and interrupted by artificial communities 
that normal migration of species from stand to stand is impeded, 
if not absolutely prevented. This is important because each of 
the relic stands has been subject to extreme disturbance ap- 
proaching obliteration at least once in their past history, so that 
their present condition reflects only such an approach to prime- 
val conditions as the drastically impoverished floras can achieve 
without receiving immigrants from outside floristic reservoirs. 
If disturbance eliminates the serious competitors of one species 
im one stand, leaving a different species without much interfer 
ence in another stand, the consequent difference in dominance is 
far more conspicuous than significant. Even where it can be 
demonstrated that the microenvironments differ according to these 
differences in floristic composition, we may be dealing either 
With residual differences in the types of disturbances some de 
cades ago, or with differences induced by the varied influences 
which these dominants have exerted upon their environment. 
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Furthermore, the continuity of the Pachistima union 
beneath four distinctive tree unions appears to be 
supporting evidence. 

Even though these two aspects of forest communi- 
ties tend to bear out Coile’s conclusion, the present 
study has brought forth some important factual evi- 
dence which shows that the premise upon which his 
conelusion is based is not valid in the northern 
Rockies. For example, Pinus ponderosa plays exactly 
the same ecologic role in four kinds of habitats each 
supporting distinctive subordinate unions. This shows 
that the seedlings of this tree species are not notice- 
ably sensitive to certain environmental variables that 
are very critical for herbs and shrubs. The same 
phenomenon is reflected again in the Picea-Abies 
zone where undergrowth varies markedly under the 
same pair of climax tree species. 

Another point which Coile offers to minimize the 
significance of the vegetation-indicator approach is 
his contention that differences in environment that are 
of sufficient magnitude to be of silvicultural impor- 
tance are obvious without close inspection of under- 
growth. He maintains that the direction and degree 
of slope, together with the texture and thickness of 
the major soil horizons are more reliable as guides to 
the vegetative potentialities of environment. The 
writer’s experience in the northern Rockies does not 
support this opinion. Many climax herbs and shrubs 
survive holocausts that bring about a complete re- 
placement of trees by a temporary community of 
deciduous shrubs, as well as a loss of the distinctive 
characters of the mature soil profile. The visible 
characters of the profiles vary more with the stages 
of vegetative regeneration subsequent to fire than 
does the composition of the subordinate unions that 
characterize the habitat, so that the latter is really the 
more permanent visible feature of the ecosystem. 
Furthermore, on the same slope one can often pass 
from one forest type to another within a few hundred 
meters without finding any changes in soil character 
other than those which are due to, and therefore no 
more permanent than, the existing vegetation types. 
It is true that differences in texture, slope, and di- 
exposure usually produce pronounced 
changes in habitat type in the northern Rockies, but 
there exist in addition many ecotones which cannot 


rection of 


be related to these factors. 

Lutz & Chandler (1946) criticize the vegetation- 
indicator concept because “in the Ovxalis-Myrtillus 
type the characteristic plant O.ralis acetosella may be 
lacking.” However, in another place (loc. cit.) one 
reads ‘The characteristic features (of podsol profiles) 
as seen in the field are the layer of unincoporated 
organic mater, the gray A, horizon and the brown 
to dark-brown B horizon. In less clear-cut profiles 
however, the identity of the soil may not be obvious, 
and then the silica-aluminum ratio of the colloids be- 
comes critical.” It must be inferred from these quo- 
tations that Lutz & Chandler require much more ex- 
acting standards in phytosociology than in pedology, 
—a view to which few botanists who have done much 


Whole 


research in  phytosociology will subscribe. 
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ecosystems are never susceptible of characterization 
by so simple a criterion as the presence or absence of 
a single species, but by a combination of biologie and 
physical characters, not one of which is absolute. 
When a community is named after a characteristic 
plant it is not to be inferred that this plant is always 
present. 

In conelusion, the present study confirms the view- 
points of workers exemplified by Morosov, Braun- 
Blanquet (1932), Tansley, et al who have concluded 
that we should look upon complex ecosystems as the 
only natural units, and that macroscopic vegetation 
in its entirety comprises the best criterion of eco- 
systems. 

It will be noted that differences in soil fertility, as 
indicated by capacity for udsorbed cations and de- 
gree to which this capacity is preempted by useless 
hydregen ions, exhibit few differences of possible sig- 
nificance among forest associations of the northern 
Rockies. Nor ean the associations be distinguished 
on the basis of water-holding capacity of the soil. 
However, some striking correlations between vegeta- 
tion and soil pH are indicated by the analyses. The 
ecosystems as delimited are therefore expressions pri- 
marily of the reproductive abilities of vascular plants 
under intense competition, and secondarily of the pH 
Perhaps other soil charac- 


of the upper soil layers. 
later be found 


ters, animal communities, ete. may 


correlated. 


SOME PRACTICAL APPLICATIONS 


When this study was initiated the primary objec- 
tive was to characterize and delimit natural vegeta- 
tion units as a starting point for subsequent studies 
of causal factors determining the vegetative pattern. 
Etiologie inquiry is of limited value unless the results 
of the investigation at one place can be extended to 
others in the expectancy that similar factor gradients 
account for the same ecotone wherever it occurs. The 
present investigation of associations and their pro- 
genitors was continued until this primary objective 
was believed to be attained. As the work progressed 
some obvious applications of the results to the prac- 
tical management of wild and semi-wild lands, espe- 
cially forest, range, and wildlife management, be- 
came apparent, and these will be indicated below. 

“A precise knowledge of ecological status of a com- 
munity in an area under management is indispensible 
to a forester since silvicultural operations designed 
to improve crops are fundamentally based on accel- 
erating, retarding, or arresting the natural succession 
of vegetation” (Puri 1950). When forests are classi- 
fied on a faulty basis stands placed in the same cate- 
gory do not exhibit the same successional tendencies 
whercver they are found. For example, concern has 
recently been registered in the literature when stands 
of Pinus ponderosa were observed to be invaded by 
Pscucotsuga, but this is a natural tendency on certain 
hab tat types, and these are not difficult to recognize 
if forest vegetation is properly understood. The 
areas where this conversion tendency is to be expected 
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can be predicted, and efforts to prevent the change 
concentrated on them. The concept of a “larch-Doug- 
las fir type” introduced by Whitford & Craig (1918) 
was sound at first but eventually became broadened 
to an extent in forestry literature that the direction 
of succession cannot be predicted if this is accepted 
as a fundamental vegetative unit. Most of the “for- 
est type” maps made in the U.S.A. show only the 
kinds of commercially valuable species now dominat- 
ing the land. They are useful as guides for harvest- 
ing timber but ought not to be confused with a funda- 
mental ecologic classification which may be deceptively 
similar in nomenclature, but which are actually much 
different in that they indicate the full range of habi- 
tat potentialities. The extent to which ecologists 
commonly mistake the purpose and overestimate the 
significance of the traditional “forest type” maps is 
exemplified by Cain (1947) who considers the “cover 
type map (as used in the sense of foresters to show 
actual vegetation)” an “objective type of map. 
needed by plant ecology and geography.” These 
maps are not intended to portray “vegetation.” they 
are a cartographic type of inventory of the most 
valuable timber trees now occupying the land which 
does not indicate whether the (commonly but one) 
species constitutes as little as 20% or as much as 
100% of the trees present, nor do they imply any 
more ecologic uniformity throughout the “type” than 
is encompassed by the sum of the ecologic amplitudes 
of all the ecotypes of the (one) species. When the 
present timber is selectively logged of the valuable 
species, or destroyed by fire, “forest type” or “cover 
type” maps will have only historical value. On the 
other hand European foresters and an ever-increasing 
number of North American foresters (see Westveld 
1951) have realized that the undergrowth is fully as 
important as the overstory, that the successional 
trend is as important as the existing condition of the 
vegetation, and therefore a classification based _pri- 
marily upon the merchantable species in vegetation 
is of very small value in ecology, or in land manage- 
ment that is founded upon an ecologic basis. 
Silviculture in the area under study has been di- 
rected almost entirely toward the perpetuation of 
Pinus ponderosa and P. monticola. With attention 
focussed on these two trees, foresters since the time 
of Laiberg (1900) and until rather recently have been 
prone to classify all the land area below the Picea- 
Abies zone either as “ponderosa pine type” or “white 
pine type,” for experience has shown that most areas 
that support one species are not suited to the other 
(Table 2). As yet there has been no suggestion of 
a tangible criter‘on which would permit the prediction 
of suitability of habitats for these species in advance 
of planting them. Partly in consequence of this, and 
partly in an effort to find a substitute for Pinus mon- 
ticola, should Cronartium prove uncontrollable, Pinus 
ponderosa has often been planted on burned areas 
in the Thuja-Tsuga and Picea-Abies zone where it 
may grow well for a few years but within a decade 
cr so the growth becomes unsatisfactory and a mer- 
chantable tree cannot be produced (Fig. 19). The 
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Detail of Vaccinium scoparium union in a 
In addition to 
lV’. scoparium, a 5 x 25 m plot here contained: Carex 
geyeri, C. rossti, Hieraceum gracile, Luzula glabrata and 


Fie. 18. 
Picea-Abies/Vaccinium scoparium stand. 


Nerophyllum tenar, Divide between Salmon and Clear- 
water Rivers south of Orogrande, Idaho. 
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Fig. 19. Apical growth of Pinus ponderosa planted in 
1936, as compared with spontaneous Pinus monticola 
that invaded the burned area at about the same time. 
Averages based on 10 trees each species. The period 
represented shows clearly the transition from good to 
poor growth of P. ponderosa 9 years after planting. The 
results for P. monticola show that climatic factors tend 
to affect both species in the same manner, but withall the 
growth of P. monticola eventually surpasses P. ponderosa. 


Priest’ Lake, Idaho (S 11, T 60N, R 5W). 


results of the present study show: that areas support- 
ing the Pachistima union coincide closely with the 
limits of areas suitable for the production of Pinus 
monticola., 

It should be po'nted out that this simple solution 
to a currently critical problem in forest management 
may not long suffice, for the present trend toward 
using more and more of the formerly neglected spe- 
ees in our rich tree flora (Hall 1947) may necessitate 
an understanding of more than this one detail of 
forest composition to take full advantage of possible 
alternatives in land use. However, with forest types 
defined on a natural phytosociologic basis their value 
in land management is as permanent as our depend- 
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ence upon seed germination in situ for forest per- 
petuation. 

Anothcr type of practical application concerns 
wildlife management. Throughout the forests there 
are economically valuable animals which depend upon 
ecrtain plant species for food and certain vc getation 
physiognomy for shelter. In c¢lassify:ng the land as 
to its forage productivity attention must be directed 
at least as much to the subordinate unions of the 
forest associations as to the trees. Chase (1949) 
points out that recent refinements in wildlife man- 
agement planning have demonstrated a need for de- 
tailed vegetation maps. Webb (1942) has suggested 
that these maps should be based on frequency and 
coverage relations of the undergrowth plants. To 
the writer this appears to be more refined than is 
necessary in the northern Rockies: It would result 
in complicated maps because one union is composed 
of a matrix of stands which change in composition 
almost continually as individual trecs or groups de- 
velop then d’e, but such variations average out suffi- 
ciently for management purposes if several hectares 
of the same association are taken into consideration. 
Productivity for a given class of herbivore can be 
determined by numerous small samples taken over 
wide area, then such results applied to maps showing 
all the territory covered by a given union or group of 
unions. Burned areas where temporary shrub com- 
munities become at once dominant and important 
can be accounted for by noting the date of the last 
fire on a map that shows its extent, for there is a 
sequence of development in which these plants grow 
too tall to be useful as browse for elk or deer after 
a few decades. 

Arnold (1946) proposed the construction of pairs 
of maps, one showing the composition and coverage 
of the tree union, the other showing undergrowth ae- 
cording to the three most abundant species. Since 
the exact composition of the tree union is probably 
of minor importance in general, and at the same time 
is correlated with undergrowth when this is properly 
understood, it would appcar that in the Rockies, at 
least, a single map would suffice noting subdivisions 
on the area covered by one zssociation according to 
present stage of succession. 

The grazier will find the Picea-Abies/Xerophyllum 
habitat type practically worthless either in climax 
condition or after burning, for the undergrowth 
dominants are unpalatable and retain dominance by 
sprouting promptly after burning. Nearby stands 
of the Picea-Abies/Pachistima habitat type, however, 
have entierly different significance. Not only is there 
a considerable variety of palatable herbs and shrubs 
here and wherever else the Pachistima union is found, 
but following fire a thick growth of Salix and other 
shrubs can be expected to invade and dominate for a 
few years, before growing out of reach of the animals. 
Furthermore the nutritional value of these plants 
growing on less acid soils even in virgin forest. will 
probably prove super or to that of continguous habi- 
tat types. Both above and below the series of habitat 
types supporting the Pachistima union, changes in the 
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herbaceous and shrubby vegetation following fire are 
relatively insignificant, although the nutritional quali- 
ties of the sprouting unions may change. 

Many conservationists are convinced that the ever 
increasing efficiency of fire prevention and suppres- 
sion on forested lands is steadily reducing their forage 
capacity for both livestock and game (Morton & 
Sedam 1938, Smith 1948, Cowan, et al 1950, Titus 
1945, Leopold 1950). Ungulates were poorly repre- 
sented in these forests under primeval conditions, 
but subsequently they increased greatly in numbers 
when logging and fire replaced the sparse primeval 
undergrowth with a profusion of herbs, shrubs, and 
young trees, and now that forest protection has de- 
veloped to high efficiency the trend is reversing and 
wildlife stands to dwindle. Clearing with its sole 
objective to benefit wildlife is too expensive, but 
logging patterns can easily be modified to produce 
the same effect at very little additional cost. Selective 
cutting in the past has been not only silviculturally 
unpractical in most of these forests, since seral trees 
cannot be regenerated in this way, but it is com- 
pletely inadequate to provide openings large enough 
to favor wildlife. Logging blocks of timber, followed 
by burning the same areas, may be the best general 
procedure to manage for both timber and wildlife 
production at altitudes above the ponderosa pine zone. 
In drawing up such a plan for a large unit of land 

knowledge of habitat types and their seres will be 
valuable in choosing the size and location of spots 
that will need to be disturbed to produce a given 
result. Although field experiments are needed to fill 
in the details of our knowledge of this matter, the 
observations reported in this study indicate that on 
some habitats fire increases forage many times, where- 
as on others there would be no significant benefit. 

Another application of the habitat type concept is 
pointed up by Weaver’s recent work on the use of 
fire in the management of land supporting Pinus 
ponderosa. As shown above, this tree is found in 
abundance in six habitat types. Weaver (1947b) 
studied the effects of fire on a stand of this tree and 
concluded that the fire had brought about a highly de- 
sirable reduction in the density of the trees. The 
fact that in this report he provided a good deserip- 
tion of the undergrowth (Agropyron union) makes it 
possible to predict that fire may have similar bene- 
ficial effect on other areas belonging to the same 
habitat type. In earlier experimental work (Weaver 
1947a) the descriptions are so meager that the habi- 
tat types cannot be identified, with a consequence 
that there is no published basis for extending and 
correlating the results. Again, experimental work 
concerning the effect of grazing on forest reproduc- 
tion (Young, et al 1942) ean be extended only to 
other areas belonging to the same (Thuja/Pachistima) 
habitat type. The trial and error method of ascer- 
taining habitat potentialities of forest lands is very 
costly because of the many years that are needed to 
determine the ultimate effect of different practices as 
the tree crop matures, so that the habitat type con- 
cept has much to offer by indicating the degree to 
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which each experiment can be extended throughout 
the mosaic of forest associations. 

The maximum utility of the habitat type concept 
to land managers would result from mapping the 
land surface on the basis of habitat types, with see- 
ondary subdivisions to indicate the status of vegeta- 
tion now occupying the land. With this information 
at hand successional trends could be predicted, the 
amount of species substitution that is practical would 
be indicated, and the extent to which experiments at 
one point would safely be applied to other areas 
would be known. Such a map would have permanent 
value, in contrast to present “cover type” maps which 
are essentially inventories or guides for harvesting, 
and which become obsolete when the existing timber 
is cut or the trees die of natural causes. For example, 
any stand of trees containing 25% Pinus monticola 
“western white pine type,” and it may 
be seen from Table 2 that seven distinctive types of 
habitats may be included, whereas much land which 
could be managed to produce this species may not be 
so indicated on a “cover type” map. 

It has not yet been demonstrated that the system of 
soil classification now used for agricultural lands can 
be applied to silviculture in the northern Rockies. 
Rough topography produces an intricate mosaic of 
small areas significantly different as to their vegeta- 
tive potentialities, and this would necessitate much 
more intensive sampling of profiles for adequate clas- 
sification. At the same time the soils are generally 
stony and most of the areas inaccessible, both of 
which increase the difficulty of sampling. Even after 
sampling there remains the problem of abundant im- 
mature profiles and profiles that have been degraded 
temporarily by fire destruction of the forest. Field 
experience of the writer who has compared vegeta- 
tion with soil series in a forest region in the company 
of a soils specialist, showed that the same habitat 
type often included several soil series, whereas in one 


is classed 


area the soils specialist could see no reason for dis- 
tinguishing the soils in a Picea-Abies/Pachistima and 
a Thuja/Pachistima stand, despite their differences 
in micro-climate, soil pH (see Fig. 2), and climax 
vegetation. Thus it would seem that if the objective 
in land classification were the management of natural 
vegetation for forest or wildlife production, the vege- 
tative indicator approach is far the more satisfactory. 
This is not to deny that soils maps and vegetation 
maps show close correlations when properly prepared. 

A specific example of the practicality of drawing 
sharp distinctions in the field among the habitat types 
as described may be worth presenting. The data in 
Table 3 were obtained on a knob near Savenac Nurs- 
ery, Haugan, Montana. The knob had been burned 
so severely that the original forest cover was com- 
pletely destroyed. Subsequently the entire area was 
planted to Pinus ponderosa, but some natural inva- 
sion of P. monticola suggested that the choice of spe- 
cies for reforestation had not been a good one. Along 
a contour not far from the top of the knob a com- 
plete cireuit was made, recording the undergrowth 
vegetation in cireular plots 2m in diameter, these 
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plots being spaced at equal intervals. The results 
(Table 3) show unequivocally that the undergrowth 
plants can be divided into two groups with contrasted 
ecologic amplitudes; that the southwest exposure of 
the knob (azimuth 205-230, incl.) belongs to a habitat 
distinctly too dry for the Pachistima union which 
characterizes the remainder of the mountain. This 
southwest slope should be treated as probably repre- 
senting a Pseudotsuga/Symphoricarpos habitat type 
and managed to produce Pinus ponderosa. The ad- 
joining parts of the knob probably belong to the 
Abics/Pachistima habitat type, with possibly a more 
mesophytie climax obtainable on the northeast slope. 
In any event, P. monticola can well be the goal of 
management on all but the southwest slope. The 
table shows further that burning severe enough to 
destroy all trees does not destroy the character of 
the Pachistima union so much as to prevent identifi- 
cation.” The greater intensity of the fire on the 
southwest exposure may account for a more complete 
elimination of the orig'nal vegetation, assuming that 
it had more character than the present seral stand. 
The flora of the Pachistima union in this study in 
Montana can vrofitably be compared with the purged 
list (Table 1) based on stands scattered in Idaho and 
Washington, which were used in drawing up a diag- 
nostic description of the union. 

The ideal management of forest lands involves a 
balanced consideration of their value in timber pro- 
duction, grazing capacity, wildlife production, and 
watershed protection. On account of the complexity 
of the problem and the fact that changing demands 
will undoubtedly call for frequent modifications of 
plans, it is difficult to see how such a multiple use 
policy can become effective until the fundamental 
potentialities of the major ecosystems are understood 
by all who are charged with the responsibility of 
planning land management. 
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TABLE 3. Distribution of herbs and shrubs on one 
contour following completely around the knob in Section 
14 of Savenae Nursery, Montana. Presence indicated for 
circular plots with 2 m radii, spaced at 50 m intervals. 





Compass direction NW Wi sw SE NE 
Quadrant | Q.| Quadr., Quadr.) Quadrant 
330 320 295 270,230,/205,105 93 78 86 15 


Azimuth of p!ot aspect 


Grove 1 





Anemone piperi 242 PR SL Zizjl zl] xis x 
Astragalus canadensis var. mortoni x 
Bromus vulgaris x 
Clintonia uniflora x 
Coptis occidentalis x x x x 
Cornus canadensis x 
Hieraceum albiflorum £12 a; 2a2 x 
Linnaea borealis var. americana x x 
Lonicera ebractulata x 
Pachistima myrsinites SRLS PS Pre x x |x 
Pyrola secunda x x 
Rosa gumnocarpa £/ 21212 x =|x 
Rubus parviflorus x|}x|x x |x x 
Vaccinium membranaceum Ei x12 x x x 
Viola glabella x |x x 
Xerophyllum tenar x 

Totals for Group 1 8} 8/11; 5}/1)/11/4/3);915 5 

Group 2 

Achillea millefolium var. lanulosa x 
Apocynum pumilum x 
Arenaria macrophylla x x 
Calochortus elegans x x|x 
Claytonia parviflora var. depressa x 
Collinsia parviflora*. . . sigiz 
Cryptantha?* x 
Epilobium paniculatum* ee ae 
Gilia gracilis* x |x 
Phacelia heterophylla x 
Polygonum majus* x 
Symphoricar pos rivularis . oe ee 

Totals for Group 2 §|7;9)]1 


*Annual. 
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SUMMARY 


1. The conifer-dominated forests of northern Idaho 
and adjacent Washington are classified into 13 climax 
plant associations, divided among 4 vegetation zones. 

2. The concept of the association as a climax 
phytocoenosis composed of unions, with each associa- 
tion being characterized as a particular combination 
of vascular plant unions, has been found satisfactory. 
Associations defined in this manner are believed to be 
the most practical means of recognizing ecosystems, 
and the most fundamental bases for biogeographic 
classification. 

3. The concepts of the union simply as a layer, or 
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simply as a life-form group, are not satisfactory in 
the vegetation studied. A union is defined as a group 
of plants exhibiting ecologic similarity throughout a 
particular vegetation matrix, such similarity being 
recognized principally by affinity in local distribution, 
although somewhat by corresponding phenologies, and 
to a very limited extent by equivalent life-forms as 
well. 

4. The associations recognized reflect primarily the 
reproductive abilities of vascular plant species in the 
face of competition. Soil pH is closely related to the 
association sequence, and cation capacity shows a 
slight tendeney to increase upward through the alti- 
tudinal series. Moisture equivalent and percentage 
saturation with hydrogen ions show little relationship 
to the vegetation matrix. 

5. Some practical applications of the findings to 
forest and wildlife management are suggested. 
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ANALYSES OF FOREST SOILS 





Association 


Pinus ponder 
A gropyron 


Pinus ponder 
Purshia 


Pinus ponder. 
Symphoricar pos 


Pinus ponder. 
Physocarpus 


State, 
County, 
«& Locality 
Washington, 
Stevens, 
Fruitland 


Washington, 
Spokane, 
Spangle 


Idaho, 
Idaho, 


Stites 


Washington, 
Lincoln 
Miles 


Washington, 
Stevens, 


Bissell 


Washington, 
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INTRODUCTION 


The science of pollen analysis on the North Ameri- 
continent has progressed rapidly since its be- 


can s 
ginning about 25 vears 


ago. This paleo-ecological 
research technique had been used to unravel the his- 
tory of postglacial vegetation and climate in Europe 
for some time before, although its present degree of 
refinement was developed by von Post in 1916. Fuller 
(1927) has discussed the early workers, and Cain 
(1939) has reviewed the later work done in the field. 
In retrospect, the work of Auer in 1927 marks the 
first pollen study on this continent in the peat of 


southeastern Canada. Voss, Sears, Potzger, and 
others followed in the East and Middle West, and 


Deevey (1943), of late, is applying the method in 
New England. The most integrated regional studies 
-acific Northwest 
(1947b) and more recently in western Canada (1950a, 
1952) and Alaska. 

Peat sections from the North Pacifie coastal region 


have been made by Hansen in the 


of Alaska have not been analyzed for pollen, except 
for studies at scattered stations at Anchorage (Han- 
sen, personal communication), Kodiak 
1934), and Adak in the Aleutian Islands (Judson 
1946). In coastal British Columbia, the northernmost 
study has been on Vancouver Island (Hansen 1950b). 
Thus, the Southeastern Alaska region is situated 400 
to 500 miles from the nearest area whose postglacial 
forest history has been interpreted from pollen pro- 
files. 


(Bowman 


This study, therefore, should serve to narrow 
the gap in our knowledge of the postglacial phyto- 
geography and climate of the Coast Forest Formation. 
In addition to the record of postglacial forest sueces- 
sion and climate, it was hoped that the pollen analyses 
might show evidence of post-Wisconsin vuleanism, 
change in sea level, and the advance and retreat of 
the glaciers in the Coast Range and in the Alexander 
Archipelago. 

During the summers of 1950 and 1951, peat sections 
were obtained from seventeen sites located at Ketchi- 
kan, Wrangell, Petersburg, Sitka, and Juneau in an 


OF CONTENTS 


PAGE 
POLEFR DUT TPUTIOE a5. cisiciaisiee 5k eis oti CAM eitins 340 
Pee UCtN ANNO ore faa tcsste =a ae, aie & Boa aise alma nanars 341 
aeRO ods pe ce A aia ctore so petal, 342 
POSTGACIAL FOREST SUCCESSION AND 
MUBERG DEVELOPMENT oa. iesacnses reset 344 
POSTGLACIAL VULCANISM AND CHANGES IN 
RU Me IN lr oh aint sans a asia ORS ie So Grane Sia 347 
POO WOU ACTAL CARMATE goose hea etn eeles 348 
POBRTGUACTAL ORTON OURY o.oo 550k o oe voce bitte seed oceans 348 
SECT IIT © (5) a haecy Sss-salg Runs Os lB de ki a cre 349 
CATT UR KAGE ood ocr Ae eas oC eee alee Bie 350 
area approximately 250 by 100 miles (Fig. 1). The 
field work was greatly facilitated by means of air 


travel in this vast regional labyrinth of waterways 
and islands. 
This work has been made possible through the as- 


sistance of many people and organizations. The 
American Geographical Society of New York has 


afforded the opportunity to travel and work in South- 
eastern Alaska through its Juneau Ice Field Research 
Project. A Sigma Xi-Resa Grant-in-Aid supporte1 
the work at Sitka and defrayed other expenses. It 
is a pleasure to acknowledge the help of the following: 
Mr. Maynard M. Miller and Mr. William O. Field, 
Jr. of the American Geographical Society, the Office 
of Naval Research, the U. S. Army, the U. S. Navy, 
the Air Force 10th Rescue Squadron, the U. S. Forest 
Service, Dr. Donald B. Lawrence of the University 
of Minnesota, Mr. Alva W. Blackerby of the Tongass 
National Forest, Mr. Ernest Ely of the Portland 
Medical School, my wife, Grace Harrington Heusser, 
and Dean Henry P. Hansen of the Graduate School 
at Oregon State College who acted as adviser for the 
study. 


PHYSIOGRAPHY 


Physiographie provinces have not been clearly de- 
lineated in Southeastern Alaska, although the work of 
Bostock in British Columbia (1948) and of Budding- 
ton & Chapin (1929) in Alaska has, in general, out- 
lined the extent and relation of the geomorphic units. 
The scheme followed is that of Bostock applied to 
Southeastern Alaska. He recognizes three major sub- 
the Western System of the Canadian 
Cordillera: the Coast Mountains, the Coastal Trough, 
and the Outer Mountains. The first of these is the 
best defined in this area of Alaska. 

The northern member of the Coast Mountains in 
Southeastern Alaska is the Boundary 
This unit is bordered at the Skeena River 


divisions of 


known as 


Ranges. 


Valley by the Pacific Ranges, a southern component 
On the east, the 


of the Coast Mountains. Interior 
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on the west boundaries are made with the Coastal 
Trough and the Outer Mountains. Northward the 
ranges descend into the Kluane Plateau in the Yukon 
Territory. 

The Boundary Ranges constitute a broad uplift 
that has been deeply dissected by streams and modi- 
fied by glaciation. In Alaska, as well as in British 
Columbia, these ranges are exceptionally rugged and 
continuous except where such rivers as the Taku and 
Stikine eut through. Such peaks as Kates Needle 
(10,002 ft.) and Devils Paw (8,584 ft.) are conspicu- 
ous (Fig. 1). Extensive ice fields are found along 
the entire upland of these ranges, the largest being 
the Juneau Ice Field of approximately 700 square 
miles (Field & Miller 1950). 

Boundary Ranges are comprised for the most part 
hy the Coast Range batholith which has aptly been 
valled the backbone of the Alaska “panbordle.” This 
intrusion is a portion of an extensive, composite 
batholith extending from the Fraser River in south- 
western British Columbia for a distance of 1,100 
miles into the Yukon Territory (Buddington & Chapin 
1929). A fringe of metamorphies produced at the 
time of intrusion oeeurs along a considerable length 
of the western margin of the batholith, while else- 
where, sediments and voleanies are associated. At 
the advent of the Quaternary, these were 
greatly altered by alpine and continental glaciation 
after having been raised by a succession of uplifts in 
the Tertiary. 

Juxtaposed between the Boundary Ranges on the 
east and the Outer Mountains to the west, there is a 
downwarped area known as the Coastal Trough (Bos- 
tock 1948). Included in this province are the islands 
and waterways which form a narrow wedge situated 
along the axis of Clarence Strait (Fig. 1) and ex- 
tending as far as Admiralty Island. Its present con- 
figuration is due to a series of anticlinoria and svn- 
clinoria which strike northwest-southeast. The relief 
of the land is not great, as only the low margins of 


ranges 


the bordering islands make up the elevated portion 
of the submerged trough. The topography was un- 
doubtedly changed from its pre-Pleistocene pattern, 
since during the Pleistocene, a network of glaciers 
flowed in great chains southward through Clarence 
Strait and on into the Pacifie Ocean via Dixon En- 
trance (Fig. 2). As a result, the trough was widened 
and deepened with the subsequent formation of the 
fiord that now occupies Clarence Strait to depths of 
1,000 to 2,000 ft. (Flint, et al 1945). 

The Outer Mountains are situated as the outermost 
province bordering the Pacifie Ocean and included 
are the mountains of Prince of Wales, Baranof, and 
Chichagof islands of the Alexander Archipelago. The 
province is represented by a discontinuous mass as 
far south as Vancouver Island, British Columbia and 
also including the islands of the Queen Charlotte 
group (Spencer 1903). Structurally it is considered 
to be in the form of an anticlinorium. The islands 
of this province in Southeastern Alaska rise rather 
steeply from sea level and are typically rugged and 





System of the Cordillera bounds the province, while 
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Fig. 2. Map of Southeastern Alaska showing the dis- 
tribution of existing ice fields in black areas and Pleis 
tocene ice flow lines with arrows; data are largely from 
Flint, et al (1945). 


uneven at an altitude of 3,000 to 4,000 ft. 
broad glacial valleys, and other glacial features are 
prevalent, and on Baranof and Chichagof islands, 
numerous glaciers are found at higher elevations. 
Sediments and voleanies form the bulk of the country 


Cirques, 


rock in the province, and over much of the area, the 
Coast Range batholith has intruded. On Kruzof Is- 
land, almost contiguous on the east with Baranof Is- 
land near Sitka, nearly half of the area has been 
covered by lava and ash from the postglacial erup- 
tion of Mt. Edgecumbe (Knopf 1912b). 


QUATERNARY DYNAMICS 


Inasmuch as postglacial forest succession, as indi- 
cated by the pollen profiles of this study, is direetly 
related to Pleistocene glaciation, the dynamics of the 
Quaternary period are most pertinent. Environmen- 
tal conditions have been tempered on a large scale by 
the changes imposed during this interim, and plants 
have been prone to disperse and develop accordingly. 

The Cordilleran ice sheet which covered this region 
developed initially from valley glaciers which, in turn, 
coalesced to form piedmont glaciers. Ice fields at 
higher elevations were likewise united, so that even- 
tually as the mass of ice increased, ice sheet propor- 
tions were attained. During its maximum, the Cor- 


dilleran ice sheet reached to the Paecifie Ocean, and 
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flow to either side took place mainly from the axis of 
the Coast Range. The nature of the present topog- 
raphy of Prince of Wales, Baranof, and Chichagof 
islands strongly indicates that in Southcastern Alaska, 
there were several centers of glaciation. The well- 
developed mountain chains on these islands were at 
least centers of valley glaciers. The extent to which 
these centers grew and glaciers flowed outward was 
controlled by the preglacial topography. Whether 
these glaciers coalesced and attained ice sheet pro- 
portions is unknown. It would appear, however, that 
the glaciers on these islands became incorporated with 
the Cordilleran ice sheet. The nature and marked de- 
velopment of fiords along the margins of the islands 
The orographic effect caused a greater 


suggest this. 
This is 


amount of snowfall on the windward sides. 
evident from the greater length and number of fiords 
on the west. 

It is not known whether the Cordilleran ice covered 
all of the higher peaks. There has been much specu- 
lation along this line, although the final solution may 
never be had. In much of the region, the higher 
peaks have been so badly shattered by weathering and 
frost action, that evidence of overriding, such as 
striae and pereussion marks, has been completely 
obliterated (Kerr 1936a). Horned peaks, which are 
commonly thought to have been emerged above the 
ice sheet, can no longer be considered a sure indica- 
tion of being emerged. This consideration manifests 
itself from the fact that alpine glaciation in post- 
Pleistocene time has been sufficiently intense to have 
sculptured horns of the domes that may have re- 
mained as indicators of overriding (Kerr 1934). 

The direction of ice flow was along a number of 
courses (Fig. 2). Paramount of these are the routes 
represented today by Lynn Canal—Chatham Strait, 
Cross Sound-Iey Strait, Stephens Passage—Frederick 
Sound, and Clarence Strait-Dixon Entrance (Flint, 
et al 1945). Flow was predominantly southwesterly 
with the greatest amount occurring along the line of 
Lynn Canal-Chatham Strait. As a result of the con- 
centrated flow along these alleys, the preglacial drain- 
age was rearranged so that as the ocean invaded 
along the fronts of receding ice, fiords were formed. 
The extent to which the ice scoured the land surface 
is shown by the depths in the fiord formed by Lynn 
Canal-—Chatham Strait. Soundings indicate depths 
generally over 2,000 ft. with an extreme of 2,900 ft. 
off Point Caution on Admiralty Island (Martin & 
Williams 1924). These soundings further reveal that 
fiords in Southeastern Alaska extend across the con- 
tinental shelf as at Chatham Strait and Cross Sound. 

The nature of the shrinkage of the Cordilleran ice 
sheet may be likened, in part, to that discussed by 
Demorest (1943) in the deglaciation that has occurred 
to isolate the present Greenland ice sheet from its 
Under the influence of higher tem- 
peratures, loss by ablation increasingly exceeded 
nourishment. The higher peaks of the Outer Moun- 
tains on the islands, as a result, presumably emerged 
before those of the Coast Range due to thinner ice 


former adjuncts. 
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and a more pronounced amelorating climate at lower 


elevations nearer the ocean. Rock surfaces thus ex- 
posed, become heated, warming the air which in turn 
increased While nunataks were ap- 
pearing in both the coastal islands and in the Coast 
Range, the ice sheet may yet have continued to move 
Thus, as the 


local ablation. 


outward somewhat because of its mass. 
ice surface was lowered by ablation induced by in- 
ereased solar heat, rainfall, and wind sublimation, the 
mass dwindled and more land emerged until local ice 
was all that remained. These last remnants no doubt 
retreated in a mode similar to their retreat today in 
the higher ice fields. The ocean with its tidal effect 
invaded the depressed land along ice fronts in the 
fiords and may have accelerated the retreat along these 
lines of former advance. 

As has already been pointed out, weathering has 
been so severe at higher elevations that the degree of 
emergence of the higher peaks above the last ice sheet 
is unknown. The existence of former ice sheets has 
also been obscured by the destruction of the evidence 
left by pre-existing sheets. Thus, the 
former Pleistocene ice, other than that correlated as 
Mankato or Late Wisconsin, is unknown. Capps 
(1931) has summarized the evidence at hand. The 
presence of older, deeply oxidized tills, as well as 
boulders of glacial origin well beyond the limit of 
Late Wisconsin ice, has been recognized, but this evi- 
Such evidence may point to 


presence of 


dence is inconclusive. 
former substages of the Wisconsin, such as the Cary, 
Tazewell, or Iowan. Recent work of the Lamont 
Geological Observatory (Kulp, et al 1951) has dated 
through the radiocarbon assay technique what may 
be pre-Mankato peat at 14,300+600 years. 

Since the retreat of the Cordilleran ice, uplift has 
taken place and appears to be going on at present in 
certain (Kerr 1936b). In the Coast Range, 
Schofield & Hanson (1922) have found marine silts 
elevated to 400 ft. in the Salmon River distriet near 
Portland Canal in the southeast; Kerr (1936a) like- 
wise has found shell deposits at 400 ft. in the Taku 
Valley; and Knopf (1912a) has noted shells of a cold 
water marine fauna in the Juneau district at 200 ft. 
on Douglas Island (Fig. 4), at 60 ft. on Lemon 
Creek, and at 30 ft. at the mouth of the Eagle River. 
Such information has been found elsewhere in the 
Coast Range, as Johnston (1923) has shown an up- 
lift as high as 650 ft. near Vancouver, British Co- 
lumbia. In the archipelago, glacial gravel containing 
marine fossils occurs at 80 ft. on Gravina Island near 
Ketchikan, and terraced sand and gravel are elevated 
40 ft. on Ernest Sound, an arm of Clarence Strait 
(Buddington & Chapin 1929). Elsewhere marine 
fossils have also been found as on Baranof Island 
near Sitka by Nichols & Miller (personal communi- 
cation). These data indicate marine invasion inland 
as the glaciers retreated. Continued shrinkage of the 
continental glacier with the consequent decrease in 
the weight of the ice, permitted the land to rise to its 


areas 


present height. 
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CLIMATE 


Climatic conditions are notably mild and humid 
Alaska, al- 


though inland in the Coast Range and at higher ele- 


over the greater part of Southeastern 


vations in the Alexander Archipelago, they are more 
severe. According to the climatic 
Képpen (Ward & Brooks 1936), three types are evi- 
dent, although the first is by far the most prominent. 


systematics of 


At lower elevations near sea level, it is warm and 
rainv with no distinet dry season and with cool sum- 
mers. Higher elevations below timberline throughout 
the region are characterized by a cold climate with 
There is no dry season and the sum- 
Some of the greatest snowfall in the 
A relatively small area of the 


humid winters. 
mers are cool. 
world occurs here. 
archipelago has a boreal climate, but above timber- 
line in the Coast Range, there are greater areas sub- 
jected to this type. Here are tracts of tundra, and 
the vegetation assumes an arctic-alpine physiognomy. 

Temperatures for the five study districts in the 
coastal area range for the January average from 
97.5° at Juneau to 32.6°F at Ketchikan, while the 
July average ranges from 54.9° at Sitka to 58.2° at 
Wrangell (Kincer 1941). Inland on the other hand, 
temperatures are generally lower and at higher ele- 
vations in winter become quite low. On the upper 
Taku Glacier at 3,600 ft. in the Juneau Ice Field, 
temperatures were noted as low as —30°F during the 
month of February, 1951 (Miller 1951). Tempera- 
tures averaged in the forties, by contrast, during the 
summers of 1950 and 1951, and only at might fell 
occasionally a few degrees below freezing. 

The precipitation of the coastal districts investi- 
gated ranges between $82.9 in. annual 
Wrangell to 150.9 in. 
(Kincer 1941). The 
during the months of October and November and the 
The climate is humid 


average at 
annual average at Ketchikan 
greatest precipitation occurs 
least during the month of June. 
throughout the vear, however, and considerable snow 
falls in winter at sea level, amounting to an annual 
average of over 100 in. In the Coast Range and at 
higher elevations on the islands, snowfall is much 
greater and nourishes the many ice fields. A snow- 
fall of 72 in. during a blizzard period of 10 days in 
February, 1951 was observed in the Juneau Ice Field 
(Miller 1951). Nourishment of this ice field appears 
to take place largely during fall, winter, and spring. 
During the summers of 1950 and 1951, there were only 
oceasional snow flurries, and precipitation was almost 
entirely in the form of rain. Fog, rain, and drizzle 
persisted almost continually for three weeks during 
one particular period in the summer of 1950. 
Farther inland on the lee slopes of the Coast Range 
in British Columbia, precipitation is much less (Con- 
nor 1938). Annual precipitation may be as low as 
10.9 in. at Atlin on the east shore of Lake Atlin, 
60 mi. north-northeast of the Juneau Ice Field. Still 
less is the precipition at Telegraph Creek on the 
upper Stikine River, about 140 mi. southeast of Atlin. 
Here the annual precipitation is 8.2 in. Telegraph 
Creek is approximately only 100 mi. from Petersburg, 
where the average is over 106 in. This great variation 
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reflects the rain shadow effect of the Coast Range. 
This orographie influence accounts for the 
quantities of snow which fall on the upper windward 


great 


slopes in winter. 

The climate of Southeastern Alaska is controlled 
largely by the prevailing wind and the Kuro Shio or 
Japanese current, which through its ability to store 
heat, causes this high latitude, subarctic region to have 
a mild climate (Sverdrup 1940). 
ter originating in the Asiatic anticyclone, move across 
the Gulf of Alaska and are warmed and humidified 
in transit (Willett 1944). On reaching the south- 
eastern coast of the Territory, they give up their 


Air masses in win- 


moisture in the form of heavy rains. These air masses, 
in the nature of cyelonie storms, develop in a low 
pressure trough, known as the Aleutian low. The 
Coast Range, over which they begin their winter con- 
tinental track, acts as a barrier to their advance in- 
land. These cyclonic disturbances may thus become 
stagnated in the Gulf of Alaska for long periods, re- 
sulting in prolonged inclement weather. At times, 
however, the arctic high builds up over the continent, 
and fair weather with cold, northerly winds may pre- 
vail for a time. For the most part, winds are south- 
erly in keeping with the low pressure, cyclonic storms 
(Kineer 1941). 

Although the Aleutian low is pronounced in winter, 
during the summer, it is practically non-existent, and 
the North Pacifie high, moving up from the south, 
dominates this area. The pressure differential be- 
tween the cool ocean and the warmer land surfaces, 
creates a steady flow of polar, marine air southward 
(Willett 1944). Thus, Southeastern Alaska is fa- 
vored with more fair weather and northerly winds in 
summer, but with the return of the Aleutian low in 
precipitation of the year is 


zutumn, the heaviest 


experienced, 
VEGETATION 

Vegetation in Southeastern Alaska may be classi- 
fied primarily as forest or muskeg, although con- 
siderable areas above timberline are covered with al- 
pine tundra. Zach (1950) has pointed out that phys- 
iography appears to be the controlling factor in de- 
termining whether forest or muskeg develops, even 
though they exist under similar climatic conditions. 
In well drained, upland situations forests are present, 
whereas in lowlands and on poorly drained, low anzle 
slopes muskegs abound. Under present day climate, 
forests in many localities have invaded muskeg. 

FORESTS 

Southeastern Alaska lies within and near the north- 
ern limit of the Coast Forest which attains its great- 
est development from northern California to southern 
British Columbia. Weaver & Clements (1938) named 
this the western red cedar (Thuja plicata!)—western 
hemlock (Tsuga heterophylla) association. Actually, 
western red cedar is poorly represented over much 
of the range, and Sitka spruce (Picea sitchensis) is 


1 The nomenclature followed is that of Anderson (1943-1947 


1949, 1950) 
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more commonly a constituent, especially along the im- 
mediate coast (Jones 1936). 

In the southern part of Southeastern Alaska, the 
climax is known as the western hemlock-Sitka spruce- 
western red cedar association. Alaska yellow cedar 
(Chamaecyparis nootkatensis), alpine fir (Abies lasio- 
carpa), silver fir (Abies amabilis), mountain hemlock 
(Tsuga mertensiana), and western yew (Taxus brevi- 
folia) are locally present. North of 57° north lati- 
tude western red cedar is absent (Taylor 1929), and 
the climax consists largely of western hemlock and 
Sitka spruce. Silver fir and western yew do not ex- 
tend far north in the archipelago. Alpine fir occurs 
sporadically, usually inland on the upper slopes of 
the Coast Range. It has its greatest development in 
the vicinity of Skagway in the northeast at the head 
of Lynn Canal, and on White Pass, it is the only 
tree at timberline (Fernow 1902). Mountain hem- 
lock which is found largely at higher elevations in the 
southeast, also continues north at timberline, but de- 
scends to sea level in the vicinity of Juneau. 

The Coast Forest of Southeastern Alaska, in gen- 
eral, is luxuriant from sea level to approximately 
1,500 ft. (Taylor 1932). Its composition progres- 
sively changes, however, from sea level to timberline 
with a decrease of Sitka spruce and an increase of 
mountain hemlock. Timberline varies from 2,400 ft. 
in the southeast to 1,800 ft. in the northwest (Fernow 
1902). The forest loses continuity between 1,500 ft. 
and timberline, and the trees become lower in stature, 
finally to assume a krummholz form at the limit of 
tree growth. Most of the trees on the higher slopes 
appear “bowed” near the bases of their trunks as a 
result of snow movement downslope. Shrubs and 
small trees which cover much of the upper slopes, 
such as Alaska alder (Alnus futicosa var. sinuata), 
have been forced to grow essentially downslope, due 
to the weight of snow and its persistence late in the 
growing season. 

The composition of the prevailing all-aged forest 
is western hemlock 73%, Sitka spruce 23%, western 
red cedar 3%, with the other species mentioned form- 
ing the remainder (Taylor 1932). Although western 
hemlock is by far the most abundant dominant, it does 
not attain the size of Sitka spruce which is the most 
valuable commercial tree. Some specimens of Sitka 
spruce reach a diameter of 64% ft. and 175 ft. in 
height (Hoffman 1912), whereas western hemlock 
attains a diameter of only 2% ft. and 125 ft. in 
height (Taylor 1929). Western red cedar at Ketchi- 
kan has been found with a diameter of over 3 ft. 
(Kellogg 1910). 

The coniferous forest borders on the bays and in- 
lets and often extends down to the upper tidal limit. 
The latter is particularly true if the shoreline is rough 
and rocky. A fringe of alder (Alnus oregona and 
A. fruticosa var. sinuata) and willow (Salix spp.), 
however, usually occurs at the outer edge of the for- 
est if a beach is present. Such shrubs and small trees 
extend inland along the rivers and with black cotton- 
wood (Populus trichocarpa) cover the flood plains. The 
interior of the climax forest is usually dense and dark, 
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unless the canopy has been opened by windfall or 
other disturbance. Thick moss cover the 
forest floor and are wet and spongy. In the darker 
understory, the frutescent and herbaceous synusiae 
are poorly developed, whereas with increased light, 
these layers are better defined. The most common 
shrubs and herbs are: Sambucus racemosa subsp. 


mats of 


pubens, Oplopanax horridus, Rubus spectabilis, Vae- 
ferruginea, Cornus 
canadensis, and Coptis asplenifolia. Skunk cabbage 
(Lysichitum americanum) is usually found as a rank 
growth under swampy conditions. At higher eleva- 
tions near timberline, such plants as Veratrum esch- 
scholtzii and Cladothamnus pyrolaeflorus are common, 
Subseres, which are the result of snow avalanching 


cinium ovalifolium, Menziesia 


on upper slopes, consist of various stages in which 
Epilobium latifolium, Aruncus vulgaris, Ribes brac- 
teosum, Sambucus, and Alnus are prominent. 

The prisere on glacial outwash has been thoroughly 
investigated by Cooper (1923) and Taylor (1932). 
The species participating in the succession vary in 
different parts of Southeastern Alaska, and a gen- 
eralized thus presented. In the initial 
stage, Epilobium latifolium and Lupinus nootkatensis 


scheme is 


are important invaders of the moraines and _ pitted 
gravels. Seedlings of Sitka spruce, western hemlock, 
and mountain hemlock may invade this terrain simul- 
taneously, although only spruce and mountain hem- 
lock survive. Both of these ultimately become a part 
of the climax forest. The importance of legumes, 
such as lupine, in adding nitrogen to the soil has been 
discussed in the postglacial succession in Prince Wil- 
liam Sound (Lutz 1930). Alder, willow, and black 
cottonwood may invade at or about the same time as 
those plants of the initial invasion, but due to their 
‘rapid growth soon form a definite thicket stage, su- 
perseding temporarily the spruce and mountain hem- 
lock. Sitka spruce and mountain hemlock continue 
to seed in as the succession progresses. Black cotton- 
wood grows more rapidly and soon overtops the 
thicket, only later to be overtopped, in turn, by Sitka 
spruce. Cottonwood is unable to persist, being shade 
intolerant, and dies out along with the willow and 
alder. Throughout these stages of succession, Sitka 
spruce with some mountain hemlock has persisted and 
now forms practically pure, even aged stands. Ster- 
ile mineral soil at this stage is covered by a thin layer 
of organie debris left by the broad-leaved pioneers. 
Mosses soon become established, and litter and duff 
accumulate during this period of spruce predomi- 
nance. The environment of the spruce forest is fa- 
vorable for the seeding in of western hemlock, and 
gradually this species oceupys the understory. The 
high degree of shade tolerance of western hemlock in 
the spruce forest permits it to thrive and eventually 


gain control over the less tolerant spruce (Allen 
1902). In this way the climax develops and consists 


largely of western hemlock with Sitka spruce. It 
should be mentioned in this connection that spruce 
seedlings develop in greater proportion when nitrate- 
nitrogen is more available. Hemlock seedlings, on the 
other hand, are abundant under conditions where am- 
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moniacal-nitrogen accumulates in seed beds contain- 
ing organic matter (Taylor 1935). This may explain 
the persistence of spruce on_ sterile, organic-free 
gravels and the inability of western hemlock to de- 
velop under such conditions. It may also explain, in 
part, the establishment of western hemlock in the 
spruce forest and the fact that spruce seedlings are 
few. Sitka spruce and western and mountain hem- 
locks exhibit a layering habit in young transitional 
stands, and in this way they may reproduce vegeta- 
tively (Cooper 1931b). 

Hydrarch succession is also very com on in kettles 
in the outwash as in front of the Mendenhall Glacier 
near Juneau. No submerged stage was apparent, 
but rather the succession began with a floating stage 
represented by Sparganium hyperboreum. Farther 
removed is a zone of Hippuris vulgaris, Eleocharis pa- 
lustris, and Equisetum variegatum. This is followed by 
tussocks of Carex hindsii, Calamagrostis canadensis, 
(Eriophorum chamissonis, E., 


cotton 


and grass 


scheuchzeri) with a varied assemblage of plants: 
Menyanthes trifoliata, Tofieldia occidentalis, Parnassia 
palustris, Limnorchis dilatata, Pedicularis seudetica, 
and Polygonum bistorta subsp. plumosum. Woody 
plants follow this stage, including blueberry (Vac- 
cinium uliginosum), willow, and Sitka spruce, as fore 
runers of the mesophytie subclimax and chmax for- 
ests, ultimately to develop. 

Heavy precipitation throughout the year prevents 
fire from becoming a dangerous hazard in the Coast 
Forest. Drier conditions prevail, however, at the 
heads of inlets and inland along the rivers, so that 
there is a greater danger of fire. Such is true at the 
head of Lynn Canal and along the Stikine River 
(Graves 1916). Fires may also be a danger in the 
archipelago during the dry summer periods, although 
when they do occur, they are seldom more than a few 
acres in extent. Small fires occurred near Ketchikan 
during the dry month of June in 1951. 

MUSKEGS 

Muskegs are common in Southeastern Alaska and 
occupy considerable tracts dispersed throughout the 
forest. Rigg (1914) and Dachnowski-Stokes (1941) 
have studied their nature and formation, and the in- 
formation at hand is largely the result of their ob- 
servations. The term “muskeg” is of Indian origin 
and has become a colloquialism in Alaska, referable 
to such non-forested regions. Muskegs develop under 
poorly drained conditions and in the presence of peat 
forming plants, largely mosses and sedges. Three 
types have been classified: slope, raised, and _ flat 
muskegs. 

Slope muskegs are the most typical in Southeastern 
Alaska. They have formed on inclined benches as a 
result of heavy rainfall and cool summers, both of 
which retard the decay of vegetable matter. Drain- 
age on the low angle slopes is poor, but on steeper 
slopes which are better drained, forests are able to 
grow (Zach 1950). Slope muskegs are better de- 
veloped where the topography is low and hilly whereas 
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in steeper areas, the peat is shallow and the propor- 
tion of forest trees greater. 

An open, scrubby growth of lodgepole pine (Pinus 
contorta) characterizes slope muskegs, although the 
trees never attain great size. Lodgepole pine in 
Southeastern Alaska is almost entirely restricted to 
muskeg. It may at times occupy poorly drained, 
swampy land in the forest, but under such conditions, 
it is usually successional as better drainage develops. 
Lodgepole pine has been mentioned as growing on 
outwash and in swales at Glacier Bay (Cooper 193la). 
Western and mountain hemlocks, Sitka spruce, west- 
ern red cedar, and Alaska yellow cedar are commonly 
found where the slope has become almost too steep 
The shrubby cover on the peat 
uli- 


for muskeg to form. 
is largely low heath consisting of 
ginosum, Kalmia polifolia, and Ledum groenlandicum ; 
other shrubs are Empetrum migrum and Juniperus 
Typical herbs include Carex 


Vaccinium 


communis var, montana, 
pauciflora, Scirpus caespitosus var. callosus, Ryncho- 
spora alba, Eriophorum spp., Lycopodium annotinum, 
Tofieldia occidentalis, Coptis trifoliata, Drosera ro- 
tundifolia, Sanguisorba menziesii, Cornus canadensis, 
and Rubus chamaemorus. Mosses are largely Sphag- 
num Spp. 

Raised muskegs occur more locally than the slope 
type, and in Southeastern Alaska they are well de- 
veloped near Juneau (Rigg 1937). They are typi- 
cally convex, slope gently outward, and appear to 
form where rainfall is less than average. They usu- 
ally consist of a greater thickness of peat. Raised 
muskegs are better aerated, as indicated by the in- 
creased growth of lodgepole pine. Besides pine west- 
ern and mountain hemlocks are often present under 
the existing climate with some Sitka spruce. The 
shrubs, typically, consist of Vaccinium uliginosum, 
V. vitis-idea, Andromeda polifolia, Kalmia, Ledum, 
and Empetrum. Sedges are common (Cares pauci- 
flora, Scirpus caespitosus var. callosus, Eriophorum 
spp.). Other herbs are Lysichitum, Coptis, Drosera, 
Rubus, Cornus, and O.rycoccus microcar pus. Sphag- 
num spp. for the most part comprise the moss layer. 

Flat muskegs are found occupying the floors of 
glaciated, U-shaped valleys, lowlands, and broad areas 
of level country. They are found both on the main- 
land and on the islands, but are more common in the 
interior of Alaska and in the Yukon. Flat muskegs 
are generally shallow and usually formed of. silty 
muck and sedge peat while sphagnum is only present 
at the surface. They are maintained because of a 
high water table and often have a quaking character. 
Open pools are sometimes present in which the early 
Trees are not com- 
mon, and the vegetat‘on has a meadow aspect. Erio- 
phorum often becomes prominent with Menyanthes, 


stages of hydroseres are evident. 


and Limnorchis, Sanguisorba, Drosera, Oxycoceus, 
Caltha palustris subsp. asarifolia, Potentilla palustris, 
and Fritillaria camtchatcensis, oceur. Wild iris (Tris 
setosa) and skunk cabbage occupy the wetter depres- 
sions. 


The almost total restriction of lodgepole pine to 
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inuskeg is probably due to its inability to compete 
elsewhere. It is very intolerant of shade when young, 
although it can persist in very dense stands for 20-30 
vears (Sudworth 1908). Its light requirements are 
thereby satisfied in muskeg, but where it is found 
beyond the limit of peat, it fails to compete and is 
arly replaced by Sitka spruce. 
tude is quite broad when one considers the wide range 


Its ecological ampli- 
of climatic conditions under which it grows. These 
range from a climate with 18 in. of precipitation and 
cold winters in the Rockies (Mason 1915) to one with 
over 150 in. precipitation and mild winters in coastal 
Alaska. This fact leads one to suspect the presence 
of ecotypes or ecologic races of lodgepole pine. 
Whether or not ecotypes exist, there is a strong pos- 
sibilty that the ecospecies may be subdivided. 
taxonomists have long regarded two distinet types of 


Some 


lodgepole: a coastal and an inland one. 


METHODS 


Peat sections were obtained at decimeter intervals 
from muskegs in Southeastern Alaska. 
Two sections each were collected at Ketchikan, Wran- 
gell, Petersburg, and Sitka (Fig. 3) and the remain- 
ing nine at Juneau (Fig. 4). A Hiller borer was used, 
and a small amount of sediment was removed at each 
prescribed level from the chamber of the instrument. 
A number of test borings were made at each station 
This insured 


seventeen 


before a section was taken for study. 
the attainment of maximum depth. In all cases, the 
inorganic bottom sediments were penetrated, and the 


macroscopic character of all the samples was recorded. 
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Fic. 3. Maps of sampling districts of Ketchikan (lower 
left), Wrangell (lower right), Petersburg (upper left), 
and Sitka (upper right); sampling locations are shown 
by number. 





Fig. 4. 


District, Southeastern 
Alaska, showing the location of sampling stations by 
number, 


Map of the Juneau 


The material was placed in 6 dram vials, treated with 
alcohol preservative, and corked. The floristie and 
successional status of each area was noted, and repre- 
sentative plants were collected and identified. The 
keys of Anderson (1943-1947, 1949, 1950) and Hultén 
(1941-1950) were used. 

The sediments were prepared for microscopic study 
by means of the potassium hydroxide method (Han- 
sen 1947b). 
small portion of each sample in approximately 200 ml 
of water to which a small amount of saturated KOH 
:olution and a few drops of gentian violet stain had 
After boiling, the deflocculated material 
was strained through a relatively fine wire mesh in 
order to remove the macroscopic particles. The solu- 
tion was then centrifuged, and about 0.5 ml of the 
residue was mixed with 1-2 ml of warm glycerine 
Jelly. 
on a clean microscope slide and mounted under a 


The treatment consisted of boiling a 


been added. 


Two or three drops of this mixture were placed 


Pollen identification was made at 
100x with the use of a mechanical stage, although 
critical determinations required a lens combination of 
440x. From 100 to 150 pollen grains of lodgepole 
pine, western hemlock, mountain hemlock, and Sitka 
spruce were collectively identified at each level. The 


Vz in. cover glass. 


percentage representation of each forest tree species 
was determined from the total number of pollen grains 
counted. These data provide the basis for the pollen 
profiles. 

Microscopic analys's was made after a thorough 
study of the pollen grains of all species represented 
in the sediments. The fossil pollen grains of lodge- 
pole pine, western hemleck, mountain hemlock, and 
Silver fir and al- 
pine fir require separat‘on on the basis of size-fre- 


Sitka spruce are easily identified. 
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quency curves (Hansen 1947b). The inaperturate 
erains (Faegri & Iversen 1950) of western yew, 
juniper, western red cedar, and Alaska yellow cedar 
are inseparable (Wodehouse 1935) and were desig- 
nated “conifer complex.”” As these conifers form only 
a smal] proportion of the forest, their exclusion from 
the percentage caleulation does not constitute any 
serious error. Of the herbs and shrubs, the pollen 
of the Empetraceae and Ericaceae are also insepa- 
rable (Erdtman 1943). 


LOCATION AND CHARACTERISTICS 

OF THE MUSKEGS 

KETCHIKAN DISTRICT 
The muskegs of Revillagigedo Island were sampled 
at Upper Ward Creek and at Point Higgins (Fig. 3). 
The station at Upper Ward Creek (#1) is located 
at the end of the Ward Creek Road approximately 
8 miles from Ketehikan and about 3 miles above 
Ward Cove. 
angle to the west-northwest. A few terraces are 


This slope muskeg is inclined at a low 


present at intervals at right angles to the slope. These 
are thought to be due to underlying ridges of  in- 
trusives of the Coast Range batholith which are con- 
spicuously outcropped in this area. Many of the 
smaller raised muskegs appear to have developed in 
depressions between these outcrops. This may have 
been the original condition of the muskeg at Upper 
Ward Creek, as a number of smaller muskegs were 
probably united by further peat development into 
the present sloping one. This, of course, does not 
infer that all slope muskegs have formed in this way. 

Scattered lodgepole pine and Alaska yellow cedar 
are poorly represented, as is a low growth of juniper 
with some western red cedar. Sedges, occurring in 
patches, are most abundant in the herb layer and 
consist of Carer pauciflora, Scirpus caespitosus var. 
callosus, and Rynchospora alba. Lycopodium, Ledum, 
Empetrum, Kalmia, and Oxyeoceus are also present 
with Vaccinium, Tofieldia, Sanguisorba, Cornus, and 
Rubus. Sphagnum moss is not common. 

This muskeg was sampled to a depth of 3.8 m into 
gray-green micaceous sand. The peat consists almost 
entirely of sedge with some moss at the surface (Fig. 
5). A number of woody horizons are evident, and 
at a depth of 0.6 m, shards of voleanice glass are found. 
Oxidized peat containing septate hyphae of what 
appear to be the fungal component of a lichen occurs 
between 2.6 and 2.9 m. Near the bottom of the see- 
tion, decomposed sedge peat grades through fine 
clasties for 0.3 m before reaching the underlying sand. 

The Point Higgins (#2) station is about six miles 
west of Upper Ward Creek near the northern end of 
the Tongass Narrows and js lower in elevation (Fig. 
3). Itis located on the Tongass Highway near the road 
leading into the U.S. Coast Guard Radio Station. 
The muskeg slopes to the north and south and is 
situated as a broad bench between outerops of intru- 
sive rock as in the Ward Creek area. 
depressions devoid of plant cover are exposed on the 
muskeg. The surface of the peat was cracked in 
these, as a result of the uncommon dry summer period 


Numerous small 
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Fig. 5. (above) Peat section, pollen profiles, and en 


vironmental sequence for Upper Ward Creek muskeg 
(No. 1), Ketchikan District. 

Fic. 6. (below) Peat section, pollen profiles, and en 
vironmental sequence for Point Higgins muskeg (No. 
2), Ketehikan District. 
which had prevailed. During normal times, these 
pockets are filled with water and are probably re- 
lated to the development of the muskeg. 

Few trees are present except along the margin 
where the forest has created a tension zone. The 
trees appear to have been cut on the muskeg to mark 
the entrance to the radio station. A few low speci- 
mens of lodgepole pine, Alaska vellow cedar, western 
red cedar, western hemlock, and juniper are found, 
although the last is by far the most abundant. Salal 
(Gaultheria shallon) is present in places as is skunk 
cabbage; otherwise, the plants are essentially similar 
to those at Upper Ward Creek. 

The depth of the muskeg at Point Higgins is 4.3 m, 
and below 4.0 in, decomposed sedge becomes increas- 
ingly merged with sand (Fig. 6). Most of the peat 
is composed of sedge. A prominent interval of woody 
peat occurs midway in the section. This feature 
along with the greater depth of moss in the upper 
layers, causes this muskeg to be different from that 
at Ward Creek. 


Acicular crystals of unknown composition occur at 


Voleanie ash is noted at 0.7 m. 


0.1 and 0.5 m and are thought to be of voleanie origin. 
Examination of this material under the petrographic 
microscope” only revealed that the material is not a 

? Dr. W. D. Wilkinson of the Geology Department at Oregon 


State College, who kind'y examined this material, was unable to 


indicate its nature due to the small size of the crystals 
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glass. This, of course, does not preclude its origin 
as volcanic, since non-glass ejecta are also discharged 
during vuleanism. Of interest is the fact that such 
crystals are also found in firn in the Juneau Ice Field 
at 3,600 ft. in the Coast Range, as well as in muskegs 
elsewhere in this study. The stratum from 1.6 to 1.9 
m is badly decomposed, containing black fragments 
indicative of fire. Septate hyphae are evident from 
2.4 to 3.7 m. 
WRANGELL DISTRICT 

Muskegs on the north end of Wrangell Island, 85 
miles north-northwest of Ketchikan, occupy small 
areas in the vicinity of the port of Wrangell (Fig. 
3). Elsewhere, as along the highway which runs 
south along Zimovia Strait, the topography is gen- 
erally too steep for muskeg formation. In the neigh- 
borhood of the Wrangell Indian Institute, however, 
a slope muskeg is found at the site of the ski trail, 
5 miles south of Wrangell. Ski Trail muskeg (#3) 
covers an extensive, southwest-facing area and is the 
steepest muskeg of this study. The peat is not deep. 
Approximately two dozen test borings made at various 
places revealed a maximum depth of 1.2 m. This 
muskeg is more thickly wooded than most muskegs. 
Such a condition is attributed to better drainage due 
to the high angle of slope and the shallowness of the 
peat. 

Lodgepole pine is the most abundant tree and aver- 
ages twenty feet in height. Its associate is largely 
Alaska yellow cedar, but both species of hemlock, 
western red cedar, and low juniper are also found. 
None of these minor associates attains any important 
size. Ledum is the most prevalent shrub. The re- 
mainder of the ground cover consists largely of 
Rubus, Empetrum, Kalmia, Cornus, Lycopodium, 
Sanguisorba and Scirpus caespitosus var. callosus, 
with some sphagnum. 

The peat section studied consists almost entirely 
of sedge with some moss in the upper portion (Fig. 
7). The underlying material is sandy, blue-gray 
clay. Voleanic glass occurs from 0.5-0.8 m and at 
0.6 m is abundant. The absence of wood in the sec- 
tion suggests that conifers have invaded this slope 
quite recently. The peat is well preserved and has 
not been oxidized or disturbed by fire. 

North Wrangell muskeg (#4) is on the road that 
leads to the far end of the island, about one mile be- 
yond the port (Fig. 3). It lies immediately east of 
an abandoned cannery, and its surface is essentially 
flat and slopes southeast, south, and southwest. The 
surface is firm, and there are no open pockets. It 
supports scrubby lodgepole pine, no more than 12 ft. 
in height, and the only other conifer is low juniper. 
The muskeg forms a narrow ecotone with the forest 
along its southern edge, although an arm extends 
southeastward, becoming continuous with the complex 
network of muskeg dispersed throughout the forest 
east of Wrangell. The forest is composed principally 
of western hemlock with Sitka spruce and Alaska 
yellow cedar. Ledum, Cornus, Rubus, and Empetrum 
comprise the shrub layer, while Carex pauciflora, 
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Fig. 7. (above) Peat section, pollen profiles, and en- 


vironmental sequence for Ski Trail muskeg (No. 3), 
Wrangell District. 

Fig. 8. (below) Peat section, pollen profiles, and en- 
vironmental sequence for North Wrangell muskeg (No. 
4), Wrangell District. 


Sanguisorba, Tofieldia, and Rubus are the important 
herbs. Sphagnum covers the surface along with the 
other plants. 

Sampling of the North Wrangell muskeg disclosed 
a depth of 3.9 m (Fig. 8). The peat is mostly sedge 
with moss at the surface and in the upper few decime- 
ters. Woody horizons are present two-thirds down 
in the section, and at 3.8 m, decomposed sedge peat 
grades into light sand. The section has been dis- 
turbed by fire at 0.8-0.9 m and by oxidation from 
3.3 to 3.6 m. Volcanic ash is well distributed in the 
upper two meters. Unknown acicular erystals, similar 
to those at Point Higgins, oceur at 1.4 m and from 
3.0 to 3.7 m. 

PETERSBURG DISTRICT 

Petersburg is situated 35 miles northwest of Wran- 
gell at the northern end of Mitkof Island (Fig 3). 
This island is separated from the mainland on the 
east by Frederick Sound and from Kupreanof Island 
on the west by the Wrangell Narrows. Aerial photo- 
graphs show that much of the island is covered by 
muskeg with strips of forest occupying the better 
drained land. In fact, the town of Petersburg has 
been built on muskeg, and many of the roads are 
made from planking. One sampling station is lo- 
cated just east of the town near the Pan American 
World Airways Radio Station, while the other is about 
10 miles south on Mitkof Highway. 
Mitkof Highway muskeg (#5) is a slope type which 
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is developed as a broad platform, moderately inclined 
on all sides. It differs from Petersburg muskeg (#6) 
in that the latter is more extensive and undulating. 
Both contain small pockets which are filled with water. 
A serub of lodgepole pine is found growing on each, 
although Petersburg muskeg is open. The 
plants are generally alike at both sampling sites. 
Sedges (Carex pauciflora, Scirpus caespitosus var. 
callosus, and Rynchospora alba), Cornus, Rubus, 
Kalmia, Andromeda, Ledum, Vaccinium, and Oxy- 
coceus are found. 

Sedge forms most of the peat in both sections. It 
is overlain by moss which is more evident at Mitkof 
Highway muskeg (Fig. 9, 10). Woody horizons are 
likewise better shown at Mitkof Highway. Fragments 
of volcanic glass occur at similar stratigraphical levels 
in each deposit. The peat in Petersburg muskeg is 
2.8 m deep and rests on mixed sand and gravel, while 
that at Mitkof Highway muskeg is 3.0 m and under- 
lain by gray silt. In the latter section, needle-like 
crystals, previously mentioned, are found from 1.1 to 
1.3, 1.5 to 1.6, and 2.0 to 2.1 m. Septate hyphae are 
present from 1.5 to 2.0 m at Petersburg muskeg. 
Both sections appear little disturbed. 


more 


Sirka District 

Sitka is about 95 miles west-northwest of Peters- 
burg and approximately an equal distance southwest 
of Juneau (Fig. 1). It is the only major Southeast- 
ern Alaska port on the Pacific Ocean and is located 
on Baranof Island and adjacent Japonski Island in 
Sitka Sound (Fig. 3). There is a considerable num- 
ber of slope muskegs in the region, formed near the 
In this part of Baranof Island, the rugged 
mountainous country has restricted muskegs to this 
narrow strip. 
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_FiG. 9. (above) Peat section, pollen profiles, and en- 
vironmental sequence for Mitkof Highway muskeg (No. 
0), Petersburg District 
Fig. 10. (below) Peat section, pollen profiles, and 
environmental sequence for Petersburg muskeg (No. 6), 
Petersburg District. 





Peat sections were obtained on the Halibut Point 
Road (#7) and on the Silver Bay Road (#8). The 
station on Halibut Point Road is on the northern 
outskirts of Sitka, a short distance beyond Swan Lake 
(Fig. 3). The surface of the muskeg slopes westward 
from the edge of the road. Prior to the building of 
the road, the muskeg was contiguous to a gravel ridge 
which the road now separates. A few small trees 
grow on the muskeg, although a greater proportion 
occur in a depression and on the slope. These include 
lodgepole pine, Sitka spruce, and western hemlock. 
The shrubs present are Ledum, Empetrum, Vaccinium 
uliginosum, and V. vitis-idea. Tofieldia, Sanguisorba, 
Cornus, Rubus, skunk cabbage, and sedge (Carex 
spp.) constitute most of the plants of the herb flora. 
Sphagnum is abundant. 

The muskeg was sampled to a depth of 5.0 m (Fig. 
11). Moss peat is present in the surface layers and 
is plainly visible in the samples to a depth of 2 m. 
Below this level, it becomes increasingly sparse and 
is not in evidence lower than 3.8 m. The bulk of the 
section is formed by sedge peat. Layers of wood are 
intercalated at 2.0, 4.1, 4.5, 4.8, and 4.9 m, and spruce 
needles are found at 4.8 m. The muskeg lies on sandy 
pumice, and the pollen-bearing sediments contain 
pumice from 4.4 m to the bottom. A trace of voleanic 
The peat is well preserved 
and appears not to have been disturbed. 


glass is recorded at 0.9 m. 
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Fig. 11. (above) Peat section, pollen profiles, and en- 
vironmental sequence for Halibut Point Road muskeg 
(No. 7), Sitka District. 

Fig. 12. (below) Peat section, pollen profiles, and 
environmental sequence for Silver Bay Road muskeg 
(No. 8), Sitka District. 
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A second peat section was obtained on Silver Bay 
Road about four and a half miles eastward from 
Sitka (Fig. 3). The muskeg is one of several that 
has developed on a series of benches along the down- 
grade of the road in this locality. The surface is es- 
sentially flat and firm and covered with sedge (Carex 
pauciflora and Carex spp.), Empetrum, Vaccinium, 
In a wet depression at one end of the 
Fauria crista-galli are 


and Kalmia. 
muskeg, Menyanthes and 
found. A few seattered scrubby trees of Alaska vel- 
low cedar, both species of hemlock, and Sitka spruce 
are growing in the peat. These are better developed 
on the margins where the muskeg grades into the up- 
land forest. No lodgepole pine appears at this sta- 
tion. 

The peat section contains a high proportion of 
sedge, except in the upper 0.4 m where moss is pres- 
ent and at the horizons where wood remains are found 
(Fig. 12). The wood peat reaches 3.3 m, but pollen 
is contained in the undersediments of brown sandy 
pumice to a maximum depth of 3.7 m. This voleanie 
sediment contains undetermined acicular crystals at 
3.6 m. mixed with fragments of glass. In general, 
the peat appears undisturbed except between 1.6 and 
2.4 m where it has been partly decomposed through 
oxidation. Septate hyphae are present from 1.6 to 
3.1 m. Only a small amount of moss peat occurs in 
this section as compared to that at Halibut Point 
Road. 

JUNEAU DISTRICT 

The muskegs located between the glaciers on the 
western side of the Juneau Ice Field and the water- 
ways of Gastineau Channel, Auke Bay, and Favorite 
Channel, are divided into three categories: those at 
less than 75 ft. above mean sea level, that at about 
150 ft. elevation, and that at about 750 ft. (Fig. 4). 
This breakdown is followed in order to better report 
on the area as a whole and to afford greater clarity 
for the discussion which is to follow. 

The muskegs at less than 75 ft. elevation are in the 
proximity of nearby waterways except Mendenhall 
Lake (#15) which is about three miles in from Auke 
Bay. The deeper stations are treated first. Lemon 
Creek muskeg (#9) is situated on Sunny Point at 
milepost 74% on the Glacier Highway northwest of 
Juneau (Fig. 4). It is a raised type which is cov- 
ered with a better growth of trees, especially on the 
margins. Lodgepole pine is most common with both 
species of hemlock well represented. Rubus, Cornus, 
Empetrum, Ledum, and Vaceinium are important 
ground plants. 

Lemon Creek muskeg was sampled to 4.8 m into 
gray sandy clay (Fig. 13). Woody peat rests at two 
levels in the section, and both are bounded above and 
Moss forms most of the upper 
Charred peat occurs at 2.6 and 


below by sedge peat. 
half of the deposit. 
2.7 m and oxidized layers at 2.8, 2.9, and 3.3 m. Sep- 
tate hyphae are present from 3.1 to 3.6 m, and glass 
shards occur at 1.1. m. 

Lena Beach muskeg (#12) is similar to the Lemon 
Creek deposit in that it is of comparable depth. It 
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Fig. 13. (above) Peat section, pollen profiles, and 
environmental sequence for Lemon Creek muskeg (No. 
9), Juneau District. 

Fig. 14. (middle) Peat section, pollen profiles, and 
environmental sequence for Mendenhall River muskeg 
(No. 10), Juneau District. 

Fig. 15. 
vironmental period for Mendenhall Lake muskeg (No. 
15), Juneau District. 


(below) Peat section, pollen profiles, and en 


occurs at mile 174 on the Glacier Highway (Fig. 4). 
The surface is somewhat raised and contains a num- 
ber of water pockets. An open growth of lodgepole 
pine is low with some individuals as much as 20 ft. 
tall. Many dead trees are also present with a ground 
cover of Ledum, Rubus, and Empetrum with tussocks 
of sedge (Scirpus caespitosus var. callosus). 

The peat column is typologically similar to that at 
Lemon Creek except that sedge is more intermixed 
with moss in the upper levels (Fig. 17). Woody peat 
and voleanie ash are stratigraphically correlated in 
each section. Septate hyphae are contained between 
4.1 and 4.7 m. At 5.0 m, the base of the organic sedi- 
ments rests on sandy gravel. 

Eagle Harbor muskeg (#14) is the last of the 
deeper sections of the low altitude group. This de- 
posit is located at Dotsons Landing on Favorite Chan- 
nel near the end of the road leading west from ap- 
proximately mile 25 on the Glacier Highway (Fig. 4). 
The surface is greatly convex and is thickly over- 
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Fig. 16. (above) Peat section, pollen profiles, and 

environmental sequence for Auke Bay muskeg (No. 11), 

Juneau District. 

Fig. 17. (below) Peat section, pollen profiles, and 

environmental sequence for Lena Beach muskeg (No. 
12), Juneau District. 
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grown with Ledum, Rubus, and Empetrum. Small 
western hemlocks are numerous with a few lodgepole 
pines. 

Sampling of this muskeg reveals a section to 5.0 
m much like those at Lemon Creek and Lena Beach 
(Fig. 18). The presence of woody debris at three 
horizons and the absence of sedge beneath the lower- 
most woody stratum make this column somewhat dif- 
ferent from that for Lemon Creek, in particular. 
Voleanic¢ glass is noted at 1.1 m with unknown needle- 
like crystals. These “needles” are also at 4.3 m, al- 
though in the absence of glass. Septate hyphal 
strands are manifest from 2.6 to 3.3 m, while the peat 
at 3.0 m shows signs of oxidation. The muskeg has 
developed on greenish sand. 

The more shallow muskegs of the group nearest 
sea level are at Mendenhall River, Auke Bay, Herbert 
River Tributary, and Mendenhall Lake. These are 
presented in the order of their descending depth. 
Mendenhall River muskeg (#10) is found at mile 
11144 on Glacier Highway between Mendenhall River 
and Auke Lake (Fig. 4). The slope is westward at 
a low angle with a few small pools in depressions on 
the surface. Lodgepole pine, in different size classes 
up to 35 ft. in height and 1 ft. d.b.h., is the most com- 
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Fig. 18. (above) Peat section, pollen profiles, and 
environmental sequence for Eagle Harbor muskeg (No. 
14), Juneau District. 

Fig. 19. (below) Peat section, pollen profiles, and en 
vironmental period for Herbert River Tributary muskeg 
(No. 13), Juneau District. 


mon tree. Sedges are the most prevalent low plants 
with Vaccinium, Empetrum, Rubus, and Cornus. 
Fauria and Menyanthes are growing in the wet 
pockets. 

Sedge peat comprises the muskeg section with some 
moss near the surface and with interbedded woody 
layers (Fig. 14). The column is 2.9 m thick, under- 
lain with sandy clay. Voleanie ash occurs at 1.0 m 
and oxidized peat at 2.9 m. 

Auke Bay muskeg (#11) is near mile 13 on the 
Glacier Highway at the junction with the Loop Road 
(Fig. 4). The surface slopes southward and sup- 
ports the largest lodgepole pine encountered in this 
study. These trees inelude individuals as much as 
2 ft. d.b.h. and 50 ft. high. Shrubs and small trees 
are numerous and consist mostly of both hemlock 
species, Ledum, Cornus, Rubus, Empetrum, Lycopo- 
Skunk 
cabbage, Menyanthes, and Fauria grow in wet depres- 


dium, Menziesia, and Vaccinium vitis-idea. 


slons. 

The depth of the peat is 2.6 m to blue-gray clay 
(Fig. 16). Sedge peat occurs at the bottom and 
grades upward into forest peat and moss, although it 
is again present in the top meter. A trace of glass 
shards oceurs at 1.3 m. 

Herbert River Tributary (#13) is a flat muskeg at 
mile 26 on the Glacier Highway (Fig. 4). It oeeu- 
pies the floor of the valley from the vicinity of this 
station almost to the end of the road at the confluence 
of the Herbert and Eagle rivers. The flora is dis- 
tinctive with extensive associes of cotton grass and 
buckbean and spongy tracts of moss. Ridges of Sitka 
spruce and thickets of willow (Salix spp.) and alder 
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(Alnus spp.) intermingle on the flat. The peat is 
0.4 m thick and lies on gray silty sand (Fig. 19). 
Sedge and sphagnum both occur. No voleanic¢ ash is 
found. 

The last station of the entire low elevation group is 
near Mendenhall Lake (#15), about a mile from the 
1951 terminus of receding Mendenhall Glacier (Fig. 
4). The deposit is 0.1 m of sedge peat with some 
admixture of moss and Equisetum variegatum (Fig. 
15). The peat is formed on sandy silt in what ap- 
pears to be an old kettle in the pitted outwash in 
front of the glacier. The station is beyond the 1909- 
1910 recessional moraine which is about an eighth of 
a mile northeast, cutting through Mendenhall Lake 
(Lawrence 1950). Upon this basis, the deposit would 
seem to be between 50 and 75 years in age. Hydrarch 
suecession reveals a number of stages from floating 
Sparganium through Hippurus, Eleocharis, and Equi- 
setum to upland willow, black cottonwood, and Sitka 
spruce. No submerged plants are apparent. 

Lower Montana Creek muskeg (#16) oceurs at 
about 150 ft. elevation on Montana Creek Road, a 
little more than a mile distant from station #15 (Fig. 
4). The surface is somewhat undulating with a num- 
ber of hollows, although it is essentially raised on the 
northeast side of the creek. At a low point near the 
creek, a large pool exists which contains Nuphar 
polysepalum and other aquatics. Sedges are impor- 
tant in the ground cover, as is sphagnum moss, while 
Empetrum and Rubus are localized. Lodgepole pine 
is common while both hemlocks are also present. 

This muskeg, 5.9 m deep, is the deepest of the sev- 
enteen sampled in Southeastern Alaska. The peat 
for the most part consists of moss (Fig. 21). Wood 
peat occupies the lowest level overlying sandy gravel, 
and several woody horizons lie above this between 
layers of moss and sedge. Glass fragments are on!y 
found at 1.3 m. The peat does not show signs of 
disturbance. 

Upper Montana Creek (#17) is the highest sam- 
pling station of this study (at about 750 ft. eleva- 
tion). It is located 3 miles from the end of Montana 
Creek Road on the divide which leads to Windfall 
Lake (Fig. 4). Many muskegs are present at this 
elevation and at higher elevations to the south. The 
peat at this locality slopes onto the flat divide from 
the west, where it is bordered higher up by a forest 
Eastward, it is also terminated by forest 
The muskeg, 


fringe. 
which occurs on the margin of the flat. 
in general, is elongate, open, and “park-like” and 
follows the trough of the divide. No lodgepole pine 
was noted at this elevation. In facet, trees on the 
muskeg are few and are mostly low mountain and 
western hemlocks. A number of large pools with 
Nuphar polysepalum occupy depressions in the flat. 
Sedges, Empetrum, Rubus, and heaths are the princi- 
pal plants. 
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Fig. 20. 
environmental sequence for Upper Montana Creek mus- 
keg (No. 17), Juneau District. 


Peat section, pollen profiles, and 


Fig. 21. (below) Peat section, pollen profiles, and 
environmental sequence for Lower Montana Creek mus- 
keg (No. 16), Juneau District. 


The peat was sampled to 3.8 m and consists of sedge 
with a few decimeters of moss at the surface and a 
conspicuous layer of wood material near the bottom 
(Fig. 20). Decomposed sedge peat occupies the bot- 
tom of the section and overlies gray silt. Septate 
mycelium abounds from 1.3 to 1.8 m. Some voleanic 
glass is present at 0.2 m. More interesting, however, 
are the shards which are found from 3.6 m to the 
bottom of the section. These do not underlie any of 
the other muskegs of this study, except those at Sitka 
(Fig. 11, 12). 


POSTGLACIAL FOREST SUCCESSION AND 
MUSKEG DEVELOPMENT 
To orient the reader to the climatie and chrono- 
logieal considerations, which are treated in detail fol- 
lowing the diseussion of the forest succession as ex- 
pressed by the pollen diagrams, the environmental 
sequence is included at this point: 
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Period V3 


warmer and/or drier 


glacier recession 





Period IV 


cooler and wetter 


200 years 


hemloek maximum ; 
pine expansion 





Period III and 


dryness 


maximum warmth 


2.000 years 
glacier advance ; 
western hemlock 


predominance 


glacial minimum 





Period I] 


warming and drying 


0,000 years 


spruce and hemlock 
succession 





Period I 





cool and moist 


6,000 years 


pine period ; 
glacier recession 








This sequence consists of five periods based on eli- 
matie, edaphic, physiographic, pyric, and biotie im- 
plications derived from the peat sections and the 
pollen profiles. The boundaries of these as divisions 
of postglacial time are not to be considered as rigidly 
fixed. The total time since deglaciation of the earli- 
est sites of pollen sedimentation is estimated at about 
8,000 years. Period I is placed between 8,000 and 
6,000 years ago, and it is characterized by a cool and 
moist climate and unstable edaphic and physiographic 
conditions. Period IT is dated from 6,000 to 5,000 
years ago and is a time of amelioration of climate, 
soil, and physiography. Period III is indicated as 
warm and dry and endured from 5,000 to 2,000 years 
iz0. Period IV lasted until 200 years ago (1750) and 
is defined by an interval of cooler and wetter climate 
during which the glaciers in the region advaneed. 
Period V is the most recent and marks the recession 
of the ice of Period IV and the arrival of white man. 
Period V is characterized by warming and/or drying. 


Lodgepole pine was the earliest arboreal member 
of the postglacial prisere in Southeastern Alaska. 
In what are considered to be the oldest pollen contain- 
ing sediments (Period I), this species has been by far 
the most preponderant (Fig. 5, 6, 10, 20). Its early 
invasion of deglaciated terrain is attributed to abun- 
dant seed production at an early age and an ability 
to withstand adverse conditions (Hansen 1947b). 
Lodgepole pine will thrive on sterile soil with a low 
organic content and a dearth of nutrients such as 
nitrogen, but as this species modifies the microeli- 
matie and edaphic conditions of the forest, it is sue- 
cessively replaced by spruce and hemlocks. Thus, 
the record of its presence from the oldest sediments 
of this study suggests that it may have endured for 
a few millennia. It may have persisted for longer 
periods, however, due to prolonged physiographic 
instability and the absence of successional conifers, as 
on Vancouver Island, British Columbia (Hansen 

* This usage of “period” is not to be confused with the geo- 


logical time unit which denotes an interval measurable in mil- 
lions of years 





8,000 years 


1950b) and in the Puget Sound Lowland of Washing- 
ton (Hansen 1947a). 

Sitka spruce is poorly represented during Period I, 
and its absence may be explained by the intolerance 
of the species to cold during the seedling stage (Sud- 
worth 1908). Early postglacial terrain was probably 
colder at least in winter than outwash recently ex- 
posed to spruce invasion is today. In any event, 
spruce was slow to increase regionally for some time 
after glaciation. 

Western hemlock is usually represented by lower 
percentages than spruce in the oldest sediments. Its 
development in postglacial time has been very largely 
the converse to that of spruce. The species may seed 
in early as it does on the outwash of Mendenhall 
Glacier, but seedlings do not survive. In the presence 
of a seed bed with sufficient organie material, however, 
it thrives and develops into climax stands. Mountain 
hemlock, a climax constituent and timberline tree, 
likewise developed slowly during Period I. 

Lodgepole pine gradually increased above its ini- 
tial decline during late Period II and continued to 
expand to the top of the profiles (Fig. 5, 6, 8, 9, 10, 
11, 12, 13, 14, 16, 17, 18, 20, 21). This increase, some- 
times to predominance over spruce and hemlocks (Fig. 
6), is thought to have been caused by the local influ- 
ence of a wetter climate. Lodgepole pine in South- 
eastern Alaska is almost entirely a muskeg tree. It 
undoubtedly has persisted on muskegs since its sup- 
pression in early postglacial time (Period ITI), due 
to the inability of other conifers to sueceed it on such 
areas. Under a drier climate, as existed in middle 
postglacial time (Period III), the pollen of other 
conifers was free to settle with that of pine on the 
surface of the muskeg. With inereasing moisture in 
late postglacial time (Periods IV and V), however, 
pine has “masked” the record of the trees of the ad- 
jacent forest, since transport of their pollen was un- 
doubtedly limited because of the wetter conditions. 
The greater proportion of pine in the profiles during 
Period IV is also attributed to a redevelopment of 
muskeg following the warm and dry interval. 
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Climatic and edaphic amelioration with increased 
phys‘ographie stability occurred during Period II, as 
indicated by the trends of Sitka spruce and the hem- 
locks (Fig. 5, 6, 20, 21). 
was rapid and preceded that of western and mountain 
hemlock. pine had done previously, 
brought about more favorable conditions for the de- 
velopment of the climax dominant, western hemlock. 
Alder maxima are in evidence during Period IT and 


The expansion of spruce 


Spruce, as 


portray the successional role of this invader. 
Western hemlock superseded spruce during Period 
Il as a result of the modification of the environment 
and continued to rise, reaching its highest percentage 
during Period IV as environmental conditions reached 
an optimum for western hemlock development (Fig. 
5, 8, 12, 13, 16, 17, 20, 21). In certain 
Point Higgins muskeg (#2) near Ketchikan (Fig. 6), 
this peak is masked by an overrepresentation of pine 
during Period IV. The decline of western hemlock 
in late Period IV and during Period V may reflect 
the destruction of the climax forest by ice advance 
at upper elevations where this action was most ef- 


“ases such as 


fective. Spruce being a tree of lower elevations ap- 
parently increased at this time, although its record 
of expansion may be merely relative because of the 
decrease of western hemlock. Mountain hemlock in 
general attained its maximum during Period ITT, and 
the highest altitudinal station of this study, Upper 
Montana Creek (#17) at about 750 ft. elevation near 
Juneau (Fig. 20), shows the greatest abundance of 
this species. It would seem that during the warm 
and dry interval (Period III), mountain hemlock be- 
came more prevalent on the muskeg because of a 
more suitable habitat or had migrated to higher ele- 
Since Period ITT it has 
again become abundant at sea level. 

The general increase of spruce and decrease of 
hemlocks in upper Period IV and in Period V is 
attributed in part to the succession which is now at- 
tending the recent (1750) retreat of glaciers along 
the North Pacific coast. Lumbering operations, more 
recently, have also probably favored the increase of 
spruce through the creation of subseres. 

There is little that can be added concerning post- 
Wisconsin glacier advance and retreat, other than t> 
substantiate what has already been presented in the 
literature (Kerr 1936a; Lawrence 1950). There are, 
however, implications that early postglacial time 
marked by a certain d’scontinuity in the manner of 
The irregu- 


vations for the same reason. 


was 


ice recession and even by ice readvance. 
lar increase of pine, spruce, and western hemlock at 
Upper Montana Creek (#17) in the Juneau District 
during Period I (Fig. 20) may be attributable to a 
fluctuating ice front during recession. At Upper 
Ward Creek (#1) in the Ketchikan District, a similar 
trend is depicted (Fig. 5). The profiles in the Peters- 
burg District on Mitkof Island show a later Period II 
disruption of the successional trend, whereby the 
climax western hemlock, diminished 
after having gained predominance (Fig. 9, 10). This 
Period II alteration may have been the result of ice 
readvance in the Stikine River Valley nearby (Fig. 


dominant, was 
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1), since the Wrangell District diagram at North 
Wrangell (#4) (Fig. 8), nearer the Stikine River, 


most decided modification of the Period T] 
curves for The Period 
I} change is noted at Upper Montana Creek (Fig, 
20) and appears to have been extensive along the 
Coast Range, although at Ketchikan (Fig. 
the south, it is not in evidence. 

The fluctuations of the curves during Period II] 
(warm, dry interval) are not interpreted as a result 


shows the 
spruce and western hemlock. 


5, 6) in 


of glacier expansion, but rather of fire and the prob- 
able differential preservation of pollen as a result of 
At this time, 
glaciers were presumably far in retreat, dwindling 


oxidation which is evident in the peat. 
at higher elevations in the Coast Range. The increase 
of moisture with cooling during Period IV, as mani- 
fested by the maximum percentages of western hem- 
lock, was probably responsible for the readvance of 
ice 2,000 years ago. 

The typological succession of peat in the sedi- 
mentary columns is from sedge to wood to moss and 
This 


history of the muskegs. 


the developmental 
Wood peat forms the botton 
type in some, but such deposits are usually younger 
11, 14, 18, 21). 
revealed by pollen analysis have begun with sedge 
peat. This is the and moist 
Period I and the ameliorating Period IT. Wood peat 
is for the most part particularly evident during Pe- 
riod ITT. 


ests were able to invade the sites of muskegs. 


sedge. sequence liscloses 


in age (Fig. The oldest sections as 


a4 


eorrelated with cool 


During a warmer and drier climate, for- 
Septate 
hyphae, which are thought to have been the ascomyce- 
tous member of xeric lichens, and charred and oxi- 
dized peat are significantly in evidence and strengthen 
the justification drier 
climatic interval at this time. 

The sedge and moss peat in Periods TV and V bear 


for assuming a warmer and 


witness to the increasingly wetter climate that sue- 
ceeded the Period III “climatic optimum.” The for- 
ests that invaded the muskegs during Period III were 
killed. The climate was probably also cooler, and 
peat accumulated more rapidly. At present, the for- 
ests that have reinvaded the muskegs are indicative 
of a certain amount of drying sinee 1750. This is 
supported by the fact that no wood horizons are 
notably interposed between the woody peat of Period 
III and the surface. 

No aquatie stages that supported plants of an early 
hydrosere are thought to have existed before and 
during Period IIT, as their pollen was not observed 
in peat of this early and middle postglacial time. 
Hansen (1950a) has reported this to be true of mus- 
kegs studied in the interior of British Columbia and 
Yukon Territory. The pools that are present on the 
muskegs do contain such aquaties as yellow pond lily, 
but apparently these have formed since the early 
succession of forest by moss and sedge peat (Period 
111). Muskeg seems to have originated from sites ot 
insufficient drainage to support forest, but not of suf- 
ficient ponding to permit the growth of true aquatic 


plants. Muskegs that did not form during the wet 
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and cool early postglacial climate, appear to have 


formed after the warm, dry interval. 


POSTGLACIAL VULCANISM AND CHANGES 
IN SEA LEVEL 

The profiles for Halibut Point Road (#7) near 
Sitka (Fig. 11) are of interest since they reflect the 
response of lodgepole pine to the postglacial erup- 
tion of Mount Edgeeumbe, about 20 miles distant to 
the west of the station (Knopf 1912b). 
of pine above the layers of voleanie glass while a 


The increase 


climax forest is in evidence beneath this establishes 
the eruption of Mount Edgecumbe on the basis of 
the projected chronology at about 5,500 years, the 
middle of Period IT. Hansen (1942) has shown from 
pollen studies the influence of Mount Mazama pumice 
on lodgepole pine in Oregon whereby it was released 
from competition with the vellow pine (Pinus pon- 
derosa) climax and greatly inereased in the profile. 
Edaphie conditions at Sitka, which were modified by 
the pumice fall, were probably such that seedlings 
of spruce and hemlock were unable to germinate and 
The profiles at Silver 


be confusing, as ash 


perpetuate the climax forest. 
Bay Road (#8) nearby may 
occurs above the pine expansion following the erup- 
tion (Fig. 12). This is explained from the location 
of the station which is stream fed. The ash which is 


at this level appears to have been reworked and 
washed in for some time following vuleanism. The 


slope location of Halibut Point Road muskeg  pre- 
cludes the possibility of secondary transport of the 
ash. 

The concentrated study in the Juneau District has 
revealed a remarkable correlation between muskeg 
development and altitude and the differential uplift 
of the region. Upper Montana Creek (#17) which 
occurs at about 750 ft. elevation, contains the oldest 
pine pollen sediments (Period T) (Fig. 20).  Sue- 
cessively lower muskegs reveal vounger pollen profiles 
in keeping with a decrease in elevation. Lower Mon- 
tana Creek (#16), at approximately 150 ft. (Fig. 
21), does not bear the early pine period in evidence 
(Period T), and the oldest sediments of muskegs near 
the immediate waterways at elevations of less than 
75 ft. contain only a portion of Period IT (Fig. 13, 
17, 18). The fact that marine have been 
found as high as 400 ft. in the Taku Valley (Kerr 
1936a) and at 150 ft. near Eagle River and 200 ft. 
on Douglas Island (Fig. 4) (Knopf 1912a), attests 
to the presence of marine waters inland following ice 
retreat. Dachnowski-Stokes (1941), finding marine 
shells underlying the Lemon Creek muskeg (#9), 
showed that this muskeg originated as a result of the 
lowering of sea level relative to the land. The pollen 
profiles of this study substantiate the geological evi- 
dence presented. In addition, the correlation of pro- 
files gives an estimate as to the amount and rate of 
sea withdrawal in postglacial time. 


fossils 


marine 
fossils have been found no higher than 400 ft. in the 
Juneau District, and the highest fossils found in the 
Coast Range are at 650 ft. near the Fraser River, 


Since 








British 1923), it 
appears safe to assume that the transgressed sea did 
not affect Upper Montana Creek muskeg at 750 ft. 
The difference in pollen record between this station 
Creek (at 150 ft. and 
ably submerged in early postglacial time) amounts to 
all of Period I and part of Period II. On the basis 
of the chronology set forth, marine waters submerged 
Lower Montana Creek for approximately 2,000 years 
or from 8,000 to about 6,000 years ago. As the close 
of Period I is dated at 6,000 years, the beginning of 
Lower Montana Creek is at a little less 


southwestern Columbia (Johnston 


and Lower Montana presum- 


the record at 
than 6,000 years, or the time of early change of sea 
The oldest of the muskegs at less than 75 ft. 
13, 17, 18) begin later during Period 
From this 
150 ft. to 
as low as approximately 10 ft. (at Lemon Creek mus- 


level. 
elevation (Fig. 
IT and are dated at just over 5,000 years. 
information, the sea level lowering from 


keg) occurred in less than 1,000 years, or between 
High tide level has only 
from 


6,000 and 5,000 vears ago. 
about 10 
the difference between the base of Lemon Creek mus- 
keg (#9) and the present sea level. Kerr (1936a) 
was of the opinion that sea level was lowered 5,000 


heen lowered ft. sinee, as evidenced 


to 4,500 vears ago and reached its present level about 
2 DOO 
would indicate an earlier date of approximately 6,000 
vears for the onset of the marine retreat. The mus- 
kegs of the other districts of this thesis are thought 
Generally, the sites 


vears The data given by these profiles 


avo, 


to reveal similar sea level trends. 
of muskegs containing Period I 
have been elevated in early postglacial time, while 
those beginning with Period IIT suggest submergence 


are considered to 


during the preceding Period I. 

The presence of abundant voleanie ash at the bot- 
tom (Period I) of the Upper Montana Creek muskeg 
further supports the claim of older age for this sta- 
tion, as related to others in the Juneau District where 
sediment is As the stations at 
elevations appear to have been submerged at this 
early time, voleanic ash, which undoubtedly settled 


such absent. lower 


over the entire area, was washed out by tidal action 
and covered by silt at the sea regressed. This ash at 
Upper Montana Creek was first thought to have been 
correlated with the ash underlying muskegs at Sitka, 
but stations at Petersburg, equidistant from 
Sitka and Juneau (Fig. 1), do not contain ash under- 
lving Period I, this premise is ruled out. 
ing at Petersburg may have prevented this ash from 
being recorded, since it may have fallen on the sur- 


since 


Ice-cover- 


face of retreating glaciers and was later flushed out. 
This niav have been true, but the presence of climax 
forest contemporaneous with the ash at Sitka, in an 
area that is definitely known to have been glaciated 
(Knopf 1912b), indicates that this ash is not logi- 
cally correlated with that beneath Upper Montana 
Creek muskeg where the early pine Period I is in 
evidence. This is thought to be so even under the 
consideration of the mode of retreat of Cordilleran 
ice northeastward, with an earlier uncovering at Sitka 
than at Upper Montana Creek at the edge of the 


Coast Range. Halibut Point Road muskeg (#7) does 
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not contain a record of Period I (Fig. 11) as it was 
probably submerged beneath sea level during this 
early time. Halibut Point Road muskeg occurs near 
sea level at a lower elevation than the occurrence of 
marine fossils. As a result, the ash at Upper Mon- 
tana Creek seems to be much earlier than that dis- 
charged by the eruption of Mount Edgecumbe. It is 
presumably early postglacial and originated east of 
the Coast Range. The Tuya-Teslin area, about 120 
miles distant on the Stikine Plateau to the northeast, 
has been described as a region of apparent glacial 
vuleanism (Mathews 1947). This area appears to 
have been a logical source for this ash, since the ice 


sheet may have overlain the Stikine Plateau while 
Upper Montana Creek was already deglaciated. 


Voleanie ash of Mount Katmai, 800-900 miles dis- 
tant from Southeastern Alaska, is not recorded in 
the peat sections studied. This voleano erupted in 
1912, and the ash would be expected to be present 
at the surface where none is evident. Shards of vol- 
canie glass are noted, however, at deeper levels in the 
first and second meters of peat, but are not conceiva- 
bly Katmai in age. The ash appears to have origi- 
nated in the neighborhood of Wrangell, as its concen- 
tration is greatest in the sections of this locality (Fig. 
7,8). Kerr (1936b) states that postglacial vuleanism 
has oeceurred in the region of the Iskut and Unuk 
rivers, 50-60 miles east of Wrangell, to within ap- 
nse 95 100 years ago (Fig. 1). The depth of 
ash in the peat sections suggests that vuleanism has 
peda within the last 500 years, but not as recent 
as 100 years amounts of ash are recorded in 
the upper bevel of peat sections farther removed from 
this area. 


Lesser 


POSTGLACIAL CLIMATE 


Since the retreat of the Cordilleran ice sheet, the 
climate of Southeastern Alaska has undergone cer- 
tain changes, as indicated by both botanical and geo- 


logical evidence. The greatest wealth of information 


is provided by the record of advance and recession 
of the glaciers of the Coast Range and the neighbor- 


ing ranges in the northwest. These glaciers have 
waxed and waned largely in response to climatic 


fluctuations and have left excellent accounts of the 
postglacial climate. 

There is evidence to the existence of a 
warmer and/or drier period from Yakutat Bay in 
the extreme northwest to Portland Canal in the south- 
east. Buried forest remains at Disenchantment Bay 
near Yakutat have been exposed by recent deglacia- 
tion (Russell 1893), disclosing the presence of a for- 
est which grew during a period of ameliorated climate 
when the glaciers of the St. Ehas Range had greatly 
receded. _Interstadial flourished at Glacier 
Bay, 150 miles to the southeast, as evidenced by buried 


indicate 


forests 


stumps, logs, and other organic debris (Cooper 
1931c). At Muir Inlet at Glacier Bay, forest beds 


were observed at two stratigraphic levels suggesting 
a fluctuating ice front which, during periods of 
treat, 


permitted forests to become established. A 
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buried forest horizon has been located in the outwash 
of Mendenhall Glacier in the Coast Range near 
Juneau (Knopf 1912a), while in the Taku and 
Stikine river districts, interstadial forest remains are 
present in the outwash of Talsekwe and Great gla- 
ciers (Kerr 1948b, 1948a). Finally, as far south as 
the southeastern border of the Territory at Portland 
Canal, there is evidence of a warmer period from the 
Bear River delta (Hanson 1934). This delta, whieh 
owes its formation largely to sedimentation of gla- 
ciofluvial materials, appears to have formed in recent 
time. Prior to this, glaciers oceupied the region of 
the delta, so that it was not until the ice receded that 
development began. These data tend to indicate a 
warm ¢limatie period. 
In more recent time, 
terminated by a cooler and moister climate. 
at higher elevations were rejuvenated, and _ glaciers 
again advanced into the lowlands. Since about 1750, 
however, the glaciers of the Juneau Ice Field (Law- 


this warm, dry period was 


Ice fields 


rence 1950) and Glacier Bay (Cooper 1923) have 
generally receded. Somewhat anomalous is the fact 


that certain coastal glaciers such as those at Prince 
William Sound are known to be advancing at present 
(Field 1932). Glacial retreat and a milder climate, 
however, are further supported by an upward ad- 
vance of timberline in the southern Coast Range of 
British Columbia (Brink & Farstad 1949). 

These climatic trends, so well corroborated in South- 
eastern Alaska, have been extensive in scope, as else- 
where along this Pacifie coast border and in other 
parts of the world, similar changes have set the cli- 


matie scene. Griggs (1934) and Bowman (1934), 
both working on Kodiak Island at the northwest 


terminus of the Coast Forest have shown the 
advance of the forest into the tundra in recent time. 
Mathews’ (1951) studies at Garibaldi Park in south- 
western British Columbia have disclosed the advance 


‘ange, 


and retreat of glaciers in the map-area also to be of 
recent Particularly strong evidence of 
the former xerothermie maximum in the Pacific North- 
west appears in Hansen 
(1947b). Grasses, chenopods, and composites as well 
as oak and yellow pine are strongly evident in many 
profiles and marked warm and dry period. 
Above this expansion there is a diminution of these 
vators. Climate and 
wetter as indicated by an increase of more mesic 
Elsewhere in the world, there are numerous 
reports of a warmer period followed by increased 
moisture and/or cooling. At present, ineipient cli- 
matic sh escaetonies also appears to be world wide. 
The data of Nichols & Miller (1951) in Patagonia, 
of Deevey (1943) in Southern New England, and of 
1940) in England and Wales are pertinent 
in this respect, and Matthes (1942) has presented a 
summary of particular interest. 


POSTGLACTIAL CHRONOLOGY 


Wisconsin stratigraphy in Southeastern Alaska is not 
sufficiently known to correlate substage deposits else- 
where in North America. Much of the earlier glacial 


occurrence, 


the pollen analyses of 


reveal 


indi since has bheeome cooler 


species, 


Godwin ( 
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deposits has been destroyed or buried by the Late 
Wisconsin glaciation. It is not definitively known 
whether the last ice sheet to cover this region was 
Late Wisconsin (Mankato), although the recent ra- 
dioearbon (C'') dating of a peat deposit near An- 
chorage, Alaska would designate the last advance as 
this stage. The deposit is 10 inches thick and is lo- 
eated along Eagle River where it is overlain by till of 
the last ice sheet and underlain by gravel. It has 
been dated at 14,300+600 years (Kulp, et al 1951) 
and appears to be chronologically equivalent to the 
Two Creeks forest bed on the shore of Lake Michigan 
in Wisconsin (Wilson 1932). The Two Creeks de- 
posit is known to be pre-Mankato and has been dated 
by C'! assay at 11,404+350 years (Arnold & Libby 
1951). 

Post-Wisconsin time in Southeastern Alaska is of 
unknown duration, although by a greater number of 
radiocarbon determinations in this area, the length of 
Recent time should eventually be established. Un- 
fortunately, this study is made during an interim of 
progress while the radiocarbon technique (Libby, et 
al 1949; Arnold & Libby 1949) has as vet been ap- 
plied to only a few, widely separated areas in North 
America. There are, nevertheless, certain data avail- 
able that can be used as a basis for estimating a 
chronology for the Southeastern Alaska region. 

An attempt at dating post-Mankato peat deposits 
of the pine period in the eastern United States has 
been made by means of radiocarbon measurements 
(Flint & Deevey 1951). This period was determined 
for two Minnesota stations to be about 8,000 vears 
in Cedar Creek Bog near Minneapolis and approxi- 
mately 7,000 years near Ely, 220 miles north. In 
both of these bogs, peat of the pine period is under- 
lain by peat of the initial spruce-fir pcriod whieh is 
unknown in age. Also, both bogs have developed on 
Mankato drift. Since the Two Creeks deposit dates 
the Mankato at about 11,000 years, there remains 
3,000-4,000 years of intervening time for glacial re- 
treat and the subsequent format‘on of peat to the 
beginning of the pine maximum. Judging from the 
meter of eutrophic gyttja that formed during the 
bottom spruce-fir period at Cedar Creek Bog, it is 
reasonable to assume an interval of 2,000 years for 
the accumulation of this sediment (deeimeter = 200 
years). This would then place the beginning of pol- 
len sedimentation at 10,000 years, allowing 1,000 
years for the recession of the ice front to beyond the 
site of the bog and the initiation of the pollen record. 

Owing to the position of Cedar Creek Bog, rather 
distantly removed from the Laurentide ice center on 
the Canadian shield, the ice was presumably thinner 
and wasted more rapidly than it did in Southeastern 
Alaska, where the nearby Cordilleran center resulted 
in a greater thickness of ice. Southeastern Alaska, 
as a result, was probably deglaciated at a later time, 
and the earliest postglacial pollen bearing sediments 
are dated at about 8,000 years. 

Postglacial time in the region is equivalent to post- 
Mankato maximum. Mathews (1951) in southern 
British Columbia has also indicated 8,000 vears for 
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this interval. Capps (1931) has given the age of a 
39-foot peat section near Russell Glacier in the in- 
terior 7,800 Of interest is another ( 
figure given for an 8-foot (2.4 m) peat deposit near 
Anchorage as 5,340+300 years (Kulp, et al 1951). 
It is presumably post-Mankato by of its 
younger age (compared to the Eagle River dating) 
Such 
a section which is presently in a climate with 14 in. 


om waa 
as 


years. 


reason 
and its uncovered position overlying blue clay. 


annual precipitation, can reasonably be correlated 
with deeper sections in Southeastern Alaska where 
precipitaton is 100° in, (Kineer 
1941). It may not be feasible, however, to compare 
deposits as much as two and a half times deeper, 


about annually 


i.e., the Lower Montana Creek muskeg near Juneau 
For this reason and 
allowing for a differential of latitude (a slower re- 
cession of ice at Anchorage due to colder climate), the 
Southeastern Alaska 


pollen analysis are dated at 8,000 years. 


which is nearly 20 ft. in depth. 


oldest sediments as shown by 

Further chronological considerations are based on 
both data. Kerr 
(1936a) has caleulated a period of approximately 
1500 years for the development of the Stikine and 


Taku river deltas, which began to form about 9,000 


sedimentation and radioearbon 


years ago. The time of early delta building precedes 
the date of the earliest pollen record. During the 
4,500 years deltas were built, glaciers receded into 
the Coast Range. Kerr state 
prevailed until about 4,500 vears ago and recognizes 
the beginning of the warm period at 5,000 to 6,000 
year in the past. The length of this warm interval 
is thought to be 3,000 to 4,000 years, as it was brought 
to a close about 2,000 years ago. 


that alpine glaciers 


The evidence for 

Hanson (1932) 
has been able to determine the approximate age of 
Tide Lake Stewart, British Columbia the 
basis of 150 ft. of varved sediments and a rate of 1 
varve (1 year) = 1 in. 


this 2,000 vear date is well founded . 


near on 
Tide Lake was formed by ice 
subsequent moraine building during 
historic time and is about 2,000 years old. This figure 


blocking and 


agrees well with the radiocarbon age of forest debris 
overridden by the latest advance of Mendenhall Gla- 
cier near Juneau which is given as 1,790+285 years 
(Kulp, et al 1951). Ice retreat has been dated by the 
dendrochronological studies of Lawrence (1950) at 
about 1750 or 200 years ago. 


SUMMARY 

Seventeen peat sections were obtained from muskegs 
in the vicinity of Ketchikan, Wrangell, Petersburg, 
Sitka, and Juneau in Southeastern Alaska during the 
1950 and 1951 field seasons. The samples were taken 
at decimeter intervals and studied macroscopically 
and later micro-analytically for their pollen content. 
Peat and pollen diagrams have been constructed from 
which the postglacial forests, climate, and chronology 
have been interpreted. The study enlarges our knowl- 
edge of postglacial succession in the development of 
the Coast Forest. The nearest investigations of this 
nature were made 400 to 500 miles northward and 
southward. 
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Southeastern Alaska is the “panhandle” of the 
Territory, consisting of the islands and waterways of 
the Alexander Archipelago and the Coast Range of 
the mainland. Pleistocene glaciation has affected the 
entire region except possibly the higher peaks and 
has given rise to the present rugged topography. The 
last glaciation is correlated with the Mankato (Late 
Wisconsin) substage. The climate is cool and moist 
throughout the year and heavy snowfall occurs in the 
mountains in winter. There is abundant evidence to 
indicate that climate has fluctuated in postglacial time 
and is in the nature of glacially derived features and 
plant remains. The present vegetation of the region 
consists largely of the hemlock-spruce climax with 
its minor associates. Muskeg is common where the 
terrain is inadequately drained. 

The pollen profiles show the importance and _pos- 
sible general occurrence of lodgepole pine as an early 
regional postglacial invader. This species was early 
succeeded in post-Mankato time by a Sitka spruce 
consociation and ultimately by a western hemlock- 
spruce climax. Lodgepole pine today appears only 
oceasionally in the invasion of areas recently denuded 
of ice and is almost entirely restricted to muskeg. 

The time represented by the pollen profiles has 
been divided into five periods based upon the inter- 
pretation of the profiles. Period I from 8,000 to 
6,000 years age was cool and moist. Floristically it 
was represented by regional predominance of lodge- 
pole pine. Period II from 6,000 to 5,000 years ago 
was characterized by a warmer and drier climate and 
almost complete replacement of lodgepole by Sitke 
spruce and later by the western hemlock-spruce cli- 
max. Period III is from 5,000 to 2,000 years of age. 
It is represented by continued warming and drying to 
a maximum (postglacial optimum). During this in- 
terval, western hemlock and spruce comprised the 
forest complex with hemlock constantly increasing. 
Period IV from 2,000 to 200 years ago marked the 
return of wetter and cooler climate. In the pollen 
profiles, Period IV is represented by a predominance 
and maximum of hemlock. The increase of spruce 
during late Period IV reflects the disturbance of the 
climax forest by glacier advance. The coincident in- 
crease of pine is attributed to wetter conditions which 
brought about an expansion of muskeg at the expense 
of the forest. Period V is considered as the interval 
of the last 200 years when glaciers began to retreat. 

The sedimentary columns contain a record of vul- 
canism, change in sea level, and recent fluctuation of 
the glaciers. The presence of voleanic ash in the 
Sitka sections during Period IT has served as a basis 
for dating the eruption of Mt. Edgecumbe, 20 mi. 
distant, at about 5,500 years. Vuleanism, which is 
especially evident from the ash in the sections near 
Wrangell and Petersburg seems to be traceable to 
the Iskut and Unuk rivers region where postglacial 
lavas and ash are found. Ash at the bottom of the 
Upper Montana Creek section is attributable to vul- 
canism in the Tuya-Teslin area of northern British 
Columbia. No ash from the eruption of Mt. Katmai 
in 1912 is apparent in the sections. The pollen pro- 
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files of the Juneau District substantiate geological 
evidence for uplift in postglacial time. The Upper 
Montana Creek muskeg site with Period I in evidence 
is thought to have stood above sea level, while those 
adjacent areas with profiles beginning with Period I] 
are considered to have been submerged during’ this 
earlier time. Evidence of glacier readvance early jin 
post-Mankato time is especially shown at Wrangell 
and Petersburg. The sequence of expansion, con- 
traction, and reexpansion of western hemlock in these 
profiles is interpreted as indicating, respectively, sue- 
cession, subsequent disturbance by ice readvance, and 
succession as a result of glacial retreat. 
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